Record Display Fonn 



wysiwyg://50/http://westbrs: 8002/bin/gat. . .ge=&p_Message=&p_doccnt= 1 &p_doc_ 1 =PTFFRO 



End of Result Set 



L13: Entry 1 of 1 



File: DWPI 



Apr 23, 1996 



DERWENT-ACC-NO: 1996-255339 

DERWENT -WEEK : 19962 6 

COPYRIGHT 2003 DERWENT INFORMATION LTD 

TITLE: Hard coating film prodn, - by irradiating introduced gas ions onto substrate 
while metal ion source is actuated, subsec[uently reacting together to deposit onto 
substrate 

PATENT -ASSIGNEE: MITSUBISHI ELECTRIC CORP (MITQ) 
PRIORITY-DATA: 1994 JP-0241404. (October 5, 1994) 



PATENT -FAMILY: 

PUB -NO 

JP 08104976 A 



PUB -DATE 
April 23, 1996 



LANGUAGE 



PAGES 
022 



MAIN-IPG 
C23C014/06 



APPLICATION-DATA: 
PUB -NO 

JP 08104976A 



APPL-DATE 
October 5, 1994 



APPL-NO 
1994JP-0241404 



DESCRIPTOR 



INT-CL (IPC) : B23 B 27/14; B23 P 15/28; C23 C 14/06 

ABSTRACTED -PUB -NO: JP 08104976A 
BASIC- ABSTRACT: 

At least one kind of gas including N2 or C e.g. methane gas and ammonia gas, in 
introduced into the gas ion source (10) via the gas introduction system (5) , and the 
gas ions are radiated onto the substrate (1) , while the metal ion source (9) is 
actuated to radiate metal ions, e.g. TiN ions onto the substrate (1) , whereby the gas 
ions and the metal ions are reacted together and cpd. e.g. TiN nitride, is deposited 
onto the substrate (1) . 

USE - Used to mfr. the hard coating film, which has min. abrasion loss in a time to 
work some hard material, and has strong adhesivity against the substrate. 

ABSTRACTED -PUB -NO: JP 08104976A 
EQUIVALENT -ABSTRACTS : 

CHOSEN-DRAWING: Dwg.l/33 

DERWENT -CLASS: M13 P54 P56 
CPI -CODES: M13-E02; 



lof 1 



4/19/03 4:04 PM 




f 



THIS PAGE BIAMK {USPTO) ' ; 




I 

J 



Searching PAJ 



http://www1 .ipdl.jpo.go.jp/PA1/result/detail/main/wAAAa241 1 2DA408104976P1 .htm 



PATENT ABSTRACTS OF JAPAN 

(1 l)Publicatioii number : 08-104976 
(43)Date of publication of application : 23.04.1996 



(51)Int.CI. 



C23C 14/06 
B23P 15/28 
// B23B 27/14 



(2 1 )Application number : 06-24 1404 
(22)Date of filing : 05.10.1994 



(71) Applicant : MITSUBISHI ELECTRIC CORP 

(72) Inventor : ITO HIROMOTO 

KAJITANAOYUKI 
HANAI MASAHIRO 
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(57)Abstract: 

PURPOSE: To obtain a hard coating film which wears less in spite of working of a hard 
material, has a high adhesion property to a base material and is workable with good 
accuracy in spite of high hardness, a process for producing this film as well as a vapor 
deposition device for the hard coating film. 

CONSTITUTION: Gases contg. at least ≥l kinds of gaseous nitrogen or carbon 
elements, such as gaseous nitrogen, gaseous methane and gaseous ammonia, are 
introduced into a gaseous ion source 10 by a gas introducing system 5 and the base 
material 1 is irradiated with the gaseous ions. On the other hand, a metal ion source 9 is 
operated to irradiate the base material 1 with the ions of metallic materials, such as 
titanium ions. The gaseous ions and the metal ions react on the base material 1 and 
titanium nitride, etc., are formed on the base material 1 . As a result, the hard coating 
film which has the high adhesion property to the base material, is continuously 
changeable in film compsn., is small in fihn distortion and substantially prevents the 
peeling of the fihn during the cutting is obtd. 
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* NOTICES* 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the vacuum evaporationo equipment of the hard coating film formed in this 
machine part front face, its manufacture method, and a hard coating fihn, in order to realize a hard coating fihn, its manufacture 
method and the vacuum evaporationo equipment of a hard coating film, and reinforcement of the machine part as which degrees 
of hardness, such as metal mold, a cutting tool, or bearing, and abrasion resistance are required especially. 
[0002] 

Pescription of the Prior Art] It is used as a hard coating film with which TiN, aluminum 203, and a diamond-like carbon fihn 
protect the front face of cutting tools, such as a drill, and the storage of a magnetic disk unit from the former. Drawing 32 is the 
outline cross section of an ion plating system shown in many problems and the cure against a trouble (management development 
pin center,large publication section) in thin film production technology. As for a base material and 2, in drawing, 1 is [ a 
base-material electrode holder and 3 ] DC power supplies to which in a vacuum tub and 4 a gas feed system and 6 impress an 
evaporation source to a base material 1 , and, as for 7, the exhaust air system of the vacuum tub 3 and 5 impress bias voltage to it. 
[0003] First, after it exhausts the inside of the vacuum tub 3 by the exhaust air system 4, the conventional ion plating system is 
constituted as mentioned above, an evaporation source 6 is worked, and heats an evaporation material (titanium) and evaporates 
it. On the other hand, if nitrogen gas is introduced by the gas feed system 5, an evaporation material will cany out a nitriding 
reaction in nitrogen gas atmosphere, a titanium nitride will adhere on a base material 1 , and as shown in drawing 33 , the 
titanium-nitride fihn 8 which is a hard coating film will be formed. If negative bias voltage is impressed to the base-material 
electrode holder 2 by DC power supply 7 at this time, since the ionized evaporation material will be accelerated and incidence 
will be carried out to a base material 1 , it becomes possible to raise adhesion force a little. 
[0004] 

[Problem(s) to be Solved by the Invention] By the hard coating film formed by ion plating system which was mentioned above, 
when exfoliating from a tool front face during cutting or processing stiff material especially, wear became intense and there was a 
trouble of it becoming impossible for a tool life to become extremely short or to process parts with a suflBcient precision. 
Moreover, since a metal evaporation source was used, only upward vacuum evaporationo was able to be performed and it needed 
to fix to the vacuum tub bottom even if the base material became a heavy lift, the strong base-material electrode holder needed to 
be manufactured. It was made in order that this invention might solve such a trouble, and it aims at adhesion with a tool acquiring 
high hard coating fihn also with a high degree of hardness and its manufacture method. Furthermore, it aims at obtaining the 
vacuum evaporationo equipment of the hard coating fihn which puts a base material on the bottom and makes downward vacuum 
evaporationo possible. 
[0005] 

[Means for Solving the Problem] Invention concerning the 1 st tenii of a claim of this invention is the hard coating film with which 
the base-material fix)nt face was coated, and this hard coating fihn consists of TiNx (0< x<l ) to which nitrogen composition 
changes from the above-mentioned base material toward the front face of a hard coating fihn. 

[0006] As for invention concerning the 2nd term of a claim of this invention, a hard coating fihn contains at least one sort of the 
mixed crystal of the mixed crystal of Ti, Ti, and Ti2N, Ti2N and Ti2N, and TiN. 

[0007] As for invention concerning the 3rd term of a claim of this invention, a hard coating film contains the mixed crystal of TiC. 

[0008] The ^ound layer on the front face of a base material of invention concerning the 4th term of a claim of this invention is a 
Ti layer 1 micrometer or less. 

[0009] Invention concerning the 5th term of a claim of this invention prepares the surface-protection layer which consists of a 
TiN layer 1 micrometer or less in the front face of a hard coating fihn. 

[0010] Invention concerning the 6th term of a claim of this invention consists of material of the AIN system replaced by the 
metallic element chosen from the group which consists of aluminum, W, Cr, Zr, B, and Si, WN system, a CrN system, a ZrN 

system, BN system, and a SiN system instead of a hard coating fihn being Ti. 

[001 1] Invention concerning the 7th term of a claim of this invention is the hard coating film with which the base-material front 
face was coated, and this hard coating film is TiCx (0< x<l) to which carbon composition changes from the above-mentioned 
base material toward the front face of a hard coating fihn. 
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[001 2] As for invention concerning the claim octavus term of this invention, a hard coating fibn contains at least one sort of the 
mixed crystal of Ti, Ti, and TiC, and TiC. 

[00 1 3] The ground layer on the front face of a base material of invention concerning the 9th term of a claim of this invention is a 
Ti layer 1 micrometer or less. 

[0014] Invention concerning the 10th term of a claim of this invention prepares the surface-protection layer which consists of a 
TiN layer 1 micrometer or less in the front face of a hard coating fihn. 

[00 1 5] The vacuum tub by which the degree of vacuum predetermined in invention concerning the 1 1 th term of a claim of this 
invention was held. The base material arranged in this vacuum tub, and the rolling mechanism turning around this base material. 
It is carried out face to face and prepared in the base-material temperature control mechanism which heats or cools the 
above-mentioned base material, and the vacuimi evaporationo side of the above-mentioned base material, and has one source of a 
gas ion which dissociates or ionizes the gas containing at least one or more kinds of metaUic elements, and the mixed gas of a 
noimietallic element, and irradiates the above-mentioned base material. 

[00 1 6] The vacuum tub by which the degree of vacuum predetermined in invention concerning the 1 2th term of a claim of this 
invention was held. The base material arranged in this vacuum tub, and the rolling mechanism turning around this base material. 
The metal ion source which is countered, carried out and prepared in the base-material temperature control mechanism which 
heats or cools the above-mentioned base material, and the vacuum evaporationo side of the above-mentioned base material, 
dissociates or ionizes the gas containing at least one or more kinds of metallic elements, and irradiates the above-mentioned base 
material. It is prepared in the vacuum evaporationo side of the above-mentioned base material face to face, and has the source of a 
gas ion which dissociates or ionizes the mixed gas of a nonmetallic element, and irradiates the above-mentioned base material. 
[00 1 7] Invention concerning the 1 3th term of a claim of this invention turns the vacuum evaporationo side upward, and arranges a 
base material. 

[00 1 8] Invention concerning the 1 4th term of a claim of this invention carries out the vacuum evaporationo side sideways, and 
arranges a base material. 

[0019] Invention concerning the ISthtermof a claim ofthis invention performs vacuum evaporationo, moving the source of a gas 

ion, or a metal ion source. 

[0020] Invention concerning the 1 6th term of a claim of this invention estabUshes the 1 st bias means which carries out bias of the 
base material to predetermined voltage, establishes the 2nd bias means which carries out bias of the base material to ground 
potential or an electronegative potential by this 1 st bias means, and carries out bias of the source of a gas ion to predetermined 
voltage, and carries out bias of the source of a gas ion to potential higher than the potential of the above-mentioned base material 

by this 2nd bias means. 

[0021] Invention concerning the 17th term of a claim of this invention carries out bias of the source of a gas ion to low potential 
from the potential of a base material by the 2nd bias means. 

[0022] Invention concerning the 1 8th term of a claim of this invention establishes the 1 st bias means which carries out bias of the 
base material to predetermined voltage, establishes the 2nd bias means which carries out bias of the above-mentioned base 
material to ground potential or an electronegative potential by this 1 st bias means, and carries out bias of the metal ion source to 
predetermined voltage, and carries out bias of the above-mentioned metal ion source by this 2nd bias means highly or lower than 
the potential of the above-mentioned base material. 

[0023] Invention concerning the 1 9th term of a claim of this invention establishes the 3rd bias means which carries out bias of the 
source of a gas ion to predetermined potential, and carries out bias of the above-mentioned source of a gas ion by this 3rd bias 
means highly or lower than the potential of a base material. 

[0024] The 1 st, the 2nd, and 3rd bias meanses of invention concerning the 20th term of a claim of this invention are DC power 

supply which impress direct current voltage or the bias voltage by which half-wave rectification was carried out. 

[0025] Invention concerning the 2 1 st term of a claim of this invention is AC power supply to which voltage positive in the 2nd 

and 3rd bias meanses or negative is impressed by turns the shape of a step, and in the shape of a sine wave. 

[0026] Invention concerning the 22nd term of a claim of this invention heats a base material by irradiating the ion gaierated in the 

source of a gas ion on a base-material front face in the acceleration energy of the ion about 50-10 keV, and the amoimt of ion of 

about 10- 1000mA. 

[0027] Invention concerning the 23rd term of a claim of this invention controls composition of a hard coating fihn by changing 
Uie rate of the metal or metal ion accelerated and conveyed within the vacuum tub, and the gas ion of the nonmetalhc element 
accelerated and conveyed, and irradiating these at a base material. 
[0028] 

[Function] since it was made to change continuously nitrogen composition of the hardening layer of a titanium-nitride system in 
the 1 st term of a claim or the 3rd term, the 7th term, and octavus term of this invention -- a base-material front face ~ Ti -- since it 
is a rich layer, the adhesion force with a base material improves Moreover, since Ti2N with a high degree of hardness, the TiN 
mixolimnion, and the mixed-crystal layer ^yith TiC are formed, a degree of hardness can be made higher than the conventional 
TiN. Furthermore, since composition was changed continuously, **** is small and the ablation under cutting cannot take place 
easily. 

[0029] In the 4th term of a claim of this invention, and the 9th term, since Ti layer was prepared as a ground layer on the front 
face of a base material, the adhesion force with a hardening layer is made very high by the effect of high Ti layer of adhesion 
force. 
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[0030] In the 5th term of a claim of this invention, and the 1 0th term, since the TiN layer was prepared as a surface-protection 
f; layer of a hardening layer and long-term-deterioration plain-gauze cone Ti2N, a TiN mixolinmion, and a mixed-crystal layer with 

TiC are protected by oxidation reaction etc., the property which was excellent in the degree of hardness lasts long. 
[003 1 ] In the 6th term of a claim of this invention, it is apphcable also to the hard coating film which replaced Ti with other 
metals. 

[0032] In the 11 th term of a claim of this invention, since a gas ion is driven into a base-material front face and the hard coating 
film was formed, the vacuum evaporationo of the hard coating film which cannot exfoliate easily can be carried out. Since a metal 
ion source is not used, it becomes unnecessary moreover, to fill up a metallic material. 

[0033] hi the 1 2th term of a claim of this invention, it also becomes possible to control the crystal structure and material 
composition freely according to the interaction of a metal ion and a gas ion or to carry out the vacuum evaporationo of the material 
which is not obtained in nature. 

[0034] In the 1 3th term of a claim of this invention, no matter it may place the source of a gas ion, or a metal ion source 
downward [ what ], since vacuum evaporationo is possible, the base material of a large weight is put on the vacuum tub bottom, 
and it also becomes possible to irradiate ion and to form membranes downward. 

[0035] In the 14th term of a claim of this invention, no matter it may put the source of a gas ion, or a metal ion source on what 
sense, since vacuum evaporationo is possible, the base material of a large weight is put on the side attachment wall of a vacuum 

tub, and it also becomes possible to irradiate ion and to form membranes sideways. 

[0036] In the 1 5th term of a claim of this invention, since vacuimi evaporationo is performed moving the source of a gas ion, or a 
metal ion source, it becomes possible to perform uniform membrane formation, without rotating a base material. 
[0037] In the 16th term of a claim of this invention, acceleration energy of a gas ion is enlarged and the vacuum evaporationo of 
the hard coating fihn which cannot exfoliate more easily is carried out. 

[0038] In the 17th term of a claim of this invention, since membranes are formed irradiating the electron which makes the source 
of a gas ion lower than the potential of a base material, and is generated from the anion and the source of a gas ion of a gas 
element, it is enlarging acceleration energy of a gas ion, and the vacuum evaporationo of the hard coating film which cannot 
exfoliate more easily is carried out. 

[0039] In the 18th term of a claim of this invention, and the 19th term, it is enlarging acceleration energy of a metal ion and a gas 
ion, and the vacuum evaporationo of the hard coating fihn which cannot exfoliate more easily is carried out. 
[0040] In the 20th term of a claim of this invention, and the 2 1 st term, even if the rate of a ripple does not use a low power supply 
especially as a power supply which impresses bias voltage, the vacuum evaporationo of the hard coating fihn which drives ion 
into a base-material front face, and cannot exfoliate easily is carried out. 

[004 1 ] In the 22nd term of a claim of this invention, since it carries out by irradiating the ion which generated heating of a base 
material in the source of a gas ion, the heater which heats a base material becomes unnecessary. 

[0042] In the 23rd term of a claim of this invention, since the rate of a metal ion and a gas ion is changed and these are irradiated 
at a base material, composition of a hard coating fihn can be changed continuously, **** is small and the ablation under cutting 
cannot take place easily. 
[0043] 

[Example] Hereafter, the example of this invention is explained based on drawing. 

Example 1 . drawing 1 is the outline cross section showing the vacuum evaporationo equipment of the hard coating film by the 
example 1 of this invention. In drawing, 9 is a metal ion source and 10 is a source of a gas ion. In addition, the same sign shows 
the same or the considerable portion among each drawing. Next, operation is explained. After exhausting the inside of the vacuum 
tub 3 by the exhaust air system 4 first, by the gas feed system 5, the gas of the nonmetallic element containing a nitrogen element 
or carbon elements, such as at least one or more kinds of nitrogen gas, methane, and ammonia gas, is introduced into the source 
10 of a gas ion, and the source 10 of a gas ion is worked. In the source 10 of a gas ion, while ionization meanses, such as electric 
discharge, ionize and decompose gas and gas ions, such as nitrogen, are irradiated at a base material 1, a metal ion source 9 is 
worked and the ion of metallic materials, such as titanium, is irradiated at a base material 1 . A gas ion and a metal ion react on a 
base material 1 , and a titanium nitride is formed on a base material 1 . 

[0044] At this time, fihn composition of the titanium-nitride system formed is [ by changing the ratio of the nitrogen gas ion 
which irradiates a base material 1, and a metal ion ] continuously changeable from the mixed crystal of Ti2N and TiN, and the 
mixed crystal of Ti2N and TiN to TiN from Ti2N from the mixed crystal of Ti to Ti, the mixed crystal of Ti2N and Ti, and Ti2N, 
and Ti2N. Drawing 2 is what investigated the crystallinity of the titanium-nitride fihn when changing and forming the ratio (Ti/N) 
of the nitrogen gas ion to irradiate and a metal ion in 38 from 1 .3 with X-ray-dififraction-analysis equipment, and when this is 
seen, it turns out that it is changing to TiN>TiN+Ti2 N>Ti2N as the irradiation rate of Ti increases crystallinity. Thus, 
composition of hard coating films, such as a titanium-nitride fihn, is freely controllable by the method of carrying out 
simultaneous irradiation of a gas ion and the metal ion. 

[0045] Drawing 3 shows the composition ratio (N/Ti) dependency of a titanium-nitride film degree of hardness. If this is seen, the 
fihn degree of hardness of a titanium nitride increases while a composition ratio (X=N/Ti) increases, and X serves as the 
maximum degree of hardness in the 0.7 to 0.8 neighborhood. The crystallinity at this time serves as mixed crystal of TiN and 
Ti2N. If a composition ratio (X=N/Ti) fiirthermore increases, the degree of hardness would fall a litUe, crystallinity would be set 
to TiN, and the degree of hardness will be saturated this time. Thus, it is possible to form a fihn with a still higher degree of 
hardness from the conventional TiN film by the method of carrying out simultaneous irradiation of a gas ion and the metal ion. 
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[0046] moreover -- if the tint of the film of the titanium-nitride system at this time is seen -- Ti -- that from which the rich thing 
serves as mixed crystal of silver, and TiN and Ti2N is skillful in the silver which gold cut, and TiN - it becomes golden 
Moreover, if the gold and carbon which were reddish when oxygen was made to mix are made to mix, it will change to an amber 
color. Thus, it is also possible to change a surface color tone freely by the method of carrying out simultaneous irradiation of a gas 
ion and the metal ion. on the other hand — the adhesion force of a base material and the fihn of a titanium-nitride system — Ti — it 
becomes weak as a rich state is the strongest, nitrogen composition increases and TiN is approached 
[0047] The hard coating fihn formed on the example 2. base material 1 of a view 4 forms the hardening layer 1 1 of the 
titanium-nitride (TiNx) system to which nitrogen composition (X:0<X<1) changes from a base material 1 toward a fihn front 
face. In the vacuum evaporationo equipment shown in drawing 1 , after exhausting the inside of the vacuum tub 3 by the exhaust 
air system 4, a metal ion source 9 is worked, the ion of titanium is irradiated at a base material 1 , and membrane formation is 
started. Next, the gas containing nitrogen elements, such as nitrogen gas or ammonia gas, is introduced into the source 10 of a gas 
ion by the gas feed system 5, the source 10 of a gas ion is worked, and the amount of nitrogen ion which irradiates a base material 
1 is increased gradually. A gas ion and a metal ion react on a base material 1 , and a titanium nitride is fonned on a base material 
1 . At this time, fihn composition of the titanium-nitride system formed is [ by making the ratio of the nitrogen gas ion to the 
titanium ion which irradiates a base material 1 increase ] continuously changeable from the mixed crystal of Ti2N and TiN, and 
the mixed crystal of Ti2N and TiN to TiN from Ti2N from the mixed crystal of Ti to Ti, the mixed crystal of Ti2N and Ti, and 
Ti2N, and Ti2N, 

[0048] thus, composition ~ continuous - Ti to Ti, the mixed crystal of Ti2N and Ti, and Ti2 from Ti2N from the mixed crystal of 
Ti2N, and Ti2N - the mixed crystal of N and TiN, and Ti2 - the hardening layer of the titanium-nitride system which nitrogen 
composition is increasing from the mixed crystal of N and TiN to TiN - a base-material front face - Ti - since it is a rich layer, 
the adhesion force with a base material improves Moreover, since Ti2N with a high degree of hardness and the TiN mixolimnion 
are formed in the surface layer, a degree of hardness can be made higher than the conventional TiN. Moreover, since composition 
was changed continuously, **** is small and it is hard to start the ablation under cutting, hi addition, you may use for a metaled 
vacuum evaporationo material (titanium) the source of electron beam heating which a direct electron beam is irradiated [ source ] 
and carries out heating evaporation instead of the metal ion source 9 of titanium, 

[0049] The hard coating film formed on the example 3. base material 1 of a view 5 forms the hardening layer 1 2 of the 
titanium-nitride (TiNx) system to which nitrogen composition (X:0.5<X<1) changes from a base material 1 toward a fihn front 
face, thus, composition - continuous - Ti2 from Ti2N - the mixed crystal of N and TiN, and Ti2 -- in the hardening layer 12 of 
the titanium-nitride system which nitrogen composition is increasing from the mixed crystal of N and TiN to TiN, since Ti2N and 
the TiN mixolimnion from which a degree of hardness becomes the hardening layer 12 with the maximum are formed thickly, a 
degree of hardness can be made very higher than the conventional TiN 

[0050] The hard coating fihn formed on the example 4. base material 1 of a view 6 forms the hardening layer 1 3 which mixed 
Tie into the material of the titanium-nitride system to which nitrogen composition changes from a base material 1 toward a film 
front face. In the vacuum evaporationo equipment shown in drawing 1 , after exhausting the inside of the vacuum layer 3 by the 
exhaust air system 4, a metal ion source 9 is worked, the ion of titanium is irradiated at a base material 1 , and membrane 
formation is started. Next, the gas containing iiitrogen elements, such as nitrogen gas, and the gas containing carbon elements, 
such as carbon gas, are introduced into the source 1 0 of a gas ion by the gas feed system 5, the source 1 0 of a gas ion is worked, 
and the nitrogen ion and the amount of carbon ion which irradiate a base material 1 are increased gradually. A gas ion and a metal 
ion react on a base material 1 , and a nitriding titanium carbide is formed on a base material 1 . 

[005 1 ] By making the ratio of the gas ion to the titanium ion which hradiates a base material 1 increase at this time Fihn 
composition of the titanium-nitride system formed The mixed crystal of Ti to Ti, Ti2N, and TiC, It is continuously changeable 
from the mixed crystal of Ti, Ti2N, and TiC from the mixed crystal of TiN and TiC to TiC to Ti2N, TiC and Ti2N, Ti2N, the 
mixed crystal of TiN and TiC and Ti2N, and TiN and TiC. Moreover, if the gas which contains two nitrogen elements, such as 
nitrogen gas, in each using the source of a gas ion at this time, and the gas containing carbon elements, such as carbon gas, are 
introduced, the ratio of the carbon composition in a fihn and nitrogen composition is independently controllable. Thus, since 
composition mixed continuously Ti2N and the TiN mixolimnion from which a degree of hardness becomes a hardening layer with 
the maximum, and the TiC layer with a high degree of hardness in the hardening layer of nitrogen, the nitrogen titanium which 
carbon composition is increasmg, and TiC, a degree of hardness can be fiirther made high. Moreover, since composition was 
changed continuously, **** is small and the ablation under cutting cannot take place easily. 

[0052] The hard coating fihn formed on the example 5. base material 1 of a view 7 forms the hardening layer 14 of the 
titanium-cairbide (TiCx) system to which carbon composition (X;0<X<1) changes from a base material 1 toward a film front face. 
In the vacuum evaporationo equipment shown in drawuig 1 , after exhausting the inside of the vacuum tub 3 by the exhaust air 
system 4, a metal ion source 9 is worked, the ion of titanium is uradiated at a base material 1 , and membrane formation is started. 
Next, the gas containing carbon elements, such as carbon gas, is introduced into the source 10 of a gas ion by the gas feed system 
5, the source 10 of a gas ion is worked, and the amount of carbon ion which irradiates a base material 1 is increased gradually. A 
gas ion and a metal ion react on a base material 1 , and a titanium carbide is formed on a base material 1 . At this time, fihn 
composition of the titanium-carbide system formed is continuously changeable to TiC from the mixed crystal of Ti to Ti and TiC, 
and the mixed crystal of Ti and TiC by making the ratio of the gas ion to the titanium ion which irradiates a base material 1 
increase. 

[0053] thus -- the hardening layer of the titanium-carbide system which carbon composition is increasing [ composition ] from the 
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mixed crystal of Ti to Ti and TiC, and the mixed crystal of Ti and TiC to TiC continuously a base-material front face - Ti - 
since it is a rich layer, the adhesion force with a base material improves Moreover, since the TiC layer with a high degree of 
hardness is formed in the surface layer, a degree of hardness can be made higher than the conventional TiN. Moreover, since 
composition was changed continuously, ***♦ is small and the ablation under cutting cannot take place easily. Moreover, since the 
material of a TiC system was used, the material of a TiN system is excelled in thermal resistance. 

[0054] The hard coating fikn formed on the base material 1 of an example 6. octavus view is what formed the ground layer 1 5 
which consists of a Ti layer 1 micrometer or less, and the hardening layer 16 of a titanium-nitride system, and this hardening layer 
16 is the mixed crystal of Ti2N, Ti2N, and TiN, and a hard coating film of the two-layer structure which consists of a layer of 
either TiN or TiC. hi the vacuum evaporationo equipment shown in drawing 1 , after exhausting the inside of the vacuum tub 3 by 
the exhaust air system 4, a metal ion source 9 is worked, the ion of titanium is irradiated at a base material 1, and membrane 
formation is started. Thus, after forming the ground layer 15 which consists of an about 1 -micrometer Ti layer next, by the gas 
feed system 5, the gas containing nitrogen elements, such as a nitrogen gas ion or ammonia gas, is introduced into the source 10 of 
a gas ion, the source 10 of a gas ion is worked, and nitrogen ion is irradiated at a base material 1 . A gas ion and a metal ion react 
on a base material 1 , and the hardening layer 1 6 of TiN is formed on a base material 1 . At this time, composition of the hardening 
layer 1 6 of the titanium-nitride system formed can be set to the mixed crystal of Ti2N or Ti2N, and TiN, or TiN by changing the 
ratio of the nitrogen gas ion to the titanium ion which irradiates a base material 1 . 

[0055] The hard coating fihn formed on the example 7. base material 1 of a view 9 is what formed the ground layer 15 which 
consists of a Ti layer 1 micrometer or less, and the hardening layer 17 of a carbonization titanium-nitride system, and this 
hardening layer 17 is the mixed crystal of Ti2N with a high degree of hardness, and TiC, the mixed crystal of Ti2N, and TiN and 
TiC, and a hard coating fihn of the two-layer structure with which it consists of a layer of TiN or TiC. In the vacuum evaporationo 
equipment shown in drawing 1 , after exhausting the inside of the vacuum tub 3 by the exhaust air system 4, a metal ion source 9 
is worked, the ion of titanium is irradiated at a base material 1 , and membrane formation is started. Thus, after forming the ground 
layer 1 5 which consists of an about 1 -micrometer Ti layer next, by the gas feed system 5, the gas containing nitrogen elements, 
such as nitrogen gas, and the gas containing carbon elements, such as carbon gas, are introduced into the source 10 of a gas ion, 
the source 10 of a gas ion is worked, and nitrogen ion and carbon ion are irradiated at a base material 1 . A gas ion and a metal ion 
react on a base material 1 , and the hardening layer 1 7 of the mixed crystal of TiN and TiC is formed on a base material 1 . At this 
time, composition of the hardening layer 17 of the titanium-nitride system formed can be made into the mixed crystal of Ti2N and 
TiC, the mixed crystal of Ti2N, and TiN and TiC, or the mixed crystal of TiN and TiC by changing the ratio of the nitrogen gas 
ion to the titanium ion which irradiates a base material 1 . Since the hard coating film formed as mentioned above prepared the 
ground layer of strong Ti of adhesion force between the hardening layer and the base material, the adhesion force of a hardening 
layer and a base material is high, and the ablation under processing cannot take place easily. 

[0056] The hard coating fihn formed on the example 8. base material 1 of a view 10 forms the ground layer 15 which consists of 
a Ti layer 1 micrometer or less, and the hardening layer 1 1 of the titanium-nitride system to which nitrogen composition changes 
from a base material 1 toward a fihn front face, hi the vacuum evaporationo equipment shown in drawing 1 , after exhausting the 
inside of the vacuum tub 3 by the exhaust air system 4, a metal ion source 9 is worked, the ion of titanium is irradiated at a base 
material 1, and membrane formation is started. Thus, after forming the ground layer 15 which consists of an about 1 -micrometer 
Ti layer next, the gas containing nitrogen elements, such as nitrogen gas or ammonia gas, is introduced into the source 10 of a gas 
ion by the gas feed system 5, the source 10 of a gas ion is worked, and the amount of nitrogen ion which irradiates a base material 
1 is increased gradually. A gas ion and a metal ion react on a base material 1 , and the hardening layer 1 1 of a titanium-nitride 
system is formed on a base material 1 . At this time, film composition of the titanium-nitride system formed is [ by making the ratio 
of the nitrogen gas ion to the titanium ion which irradiates a base material 1 increase ] continuously changeable from the mixed 
crystal of Ti2N and TiN, and the mixed crystal of Ti2N and TiN to TiN from Ti2N from the mixed crystal of Ti to Ti, the mixed 
crystal of Ti2N and Ti, and Ti2N, and Ti2N. 

[0057] The hard coating fihn formed on the example 9. base material 1 of a view 1 1 forms the ground layer 1 5 which consists of 
a Ti layer 1 micrometer or less, and the hardening layer 1 3 of the carbonization titanium-nitride system to which nitrogen 
composition and carbon composition change from a base material 1 toward a fihn front face, hi the vacuum evaporationo 
equipment shown in drawing 1 , after exhausting the inside of the vacuum tub 3 by the exhaust air system 4, a metal ion source 9 
is worked, the ion of titanium is irradiated at a base material 1, and membrane formation is started. Thus, after forming the ground 
layer 1 5 which consists of an about 1 -micrometer Ti layer next, the gas containing nitrogen elements, such as nitrogen gas, and 
the gas containing carbon elements, such as carbon gas, are introduced into the source 10 of a gas ion by the gas feed system 5, 
the source 10 of a gas ion is worked, and the nitrogen ion and the amount of carbon ion which irradiate a base material 1 are 
increased gradually. A gas ion and a metal ion react on a base material 1 , and the nitriding titanium carbide 1 3 is formed on a base 
material 1 . By making the ratio of the gas ion to the titanium ion which irradiates a base material 1 increase at this time Film 
composition of the titanium-nitride system formed The mixed crystal of Ti to Ti, Ti2N, and TiC, It is continuously changeable 
from the mixed crystal of Ti, Ti2N, and TiC from the mixed crystal of TiN and TiC to TiC to Ti2N, TiC and Ti2N, Ti2N, the 
mixed crystal of TiN and TiC and Ti2N, and TiN and TiC. Moreover, if the gas which contains two nitrogen elements, such as 
nitrogen gas, in each using the source of a gas ion at this time, and the gas containing carbon elements, such as carbon gas, are 
introduced, the ratio of the carbon composition in a fihn and nitrogen composition is independently controllable. 
[0058] The hard coating fihn formed on the example 10. base material 1 of a view 1 2 forms the ground layer 15 which consists of 
a Ti layer 1 micrometer or less, and the hardening layer 14 of the titanium-carbide system to which carbon composition changes 
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from a base material 1 toward a film front face. In the vacuum evaporationo equipment shown in drawing 1 . after exhausting the 
inside of the vacuum tub 3 by the exhaust air system 4, a metal ion source 9 is worked, the ion of titanium is irradiated at a base 
material 1 , and membrane formation is started. Thus, after forming the ground layer 1 5 which consists of an about 1 -micrometer 
Ti layer next, the gas containing carbon elements, such as carbon gas, is introduced into the source 10 of a gas ion by the gas feed 
system 5, the source 10 of a gas ion is worked, and the amount of carbon ion which irradiates a base material 1 is increased 
gradually. A gas ion and a metal ion react on a base material 1 , and a titanium carbide is formed on a base material 1 . At this time, 
film composition of the titanium-carbide system formed is continuously changeable to TiC from the mixed crystal of Ti to Ti and 
Tie, and the mixed crystal of Ti and TiC by making the ratio of the gas ion to the titanium ion which irradiates a base material 1 
increase. Since the hard coating film formed as mentioned above prepared the ground layer of strong Ti of adhesion force between 
the hardening layer and the base material, since composition was changed continuously, the adhesion force of a hardening layer 
and a base material is high and the ablation under processing not only cannot take place easily, but **** is small and the ablation 
under cutting cannot start it easily. 

[0059] The hard coating film formed on the example 1 1 . base material 1 of a view 1 3 forms the surface-protection layer 18 which 
consists of a TiN layer 1 micrometer or less, and the hardening layer 11 of the titanium-nitride system to which nitrogen 
composition changes from a base material 1 toward a fihn front face. In the vacuum evaporationo equipment shown in drawing 1 , 
after exhausting the inside of the vacuum tub 3 by the exhaust air system 4, a metal ion source 9 is worked and the ion of titanium 
is irradiated at a base material 1 . Next, the gas containing nitrogen elements, such as nitrogen gas or ammonia gas, is introduced 
into the source 1 0 of a gas ion by the gas feed system 5, the source 1 0 of a gas ion is worked, and the amount of nitrogen ion 
which irradiates a base material 1 is increased gradually. A gas ion and a metal ion react on a base material 1, and the hardening 
layer 1 1 of a titanium-nitride system is formed on a base material 1 . At this time, fihn composition of the titanium-nitride system 
formed is [ by making the ratio of the nitrogen gas ion to the titanium ion which irradiates a base material 1 increase ] 
continuously changeable from the mixed crystal of Ti2N and TiN, and the mixed crystal of Ti2N and TiN to TiN from Ti2N from 
the mixed crystal of Ti to Ti, the mixed crystal of Ti2N and Ti, and Ti2N, and Ti2N. Next, the surface-protection layer 1 8 which 
consists of an about 1 -micrometer TiN layer is formed by making almost equal the ratio of the nitrogen gas ion to the titanium ion 
which irradiates a base material 1 . 

[0060] The hard coating fihn formed on the example 1 2. base material 1 of a view 1 4 forms the surface-protection layer 1 8 which 
consists of a TiN layer 1 micrometer or less, and the hardening layer 1 3 of the carbonization titanium-nitride system to which 
nitrogen composition and carbon composition change from a base material 1 toward a film front face. In the vacuum evaporationo 
equipment shown in drawing 1 , after exhausting the inside of the vacuum tub 3 by the exhaust air system 4, a metal ion source 9 
is worked and the ion of titanium is irradiated at a base material 1 . Next, the gas containing nitrogen elements, such as nitrogen 
gas, and the gas containing carbon elements, such as carbon gas, are introduced into the source 10 of a gas ion by the gas feed 
system 5, the source 1 0 of a gas ion is worked, and the nitrogen ion and the amount of carbon ion which irradiate a base material 
1 are increased gradually. A gas ion and a metal ion react on a base material 1 , and the nitriding titanium carbide 1 3 is formed on 
a base material 1 . By making the ratio of the gas ion to the titanium ion which irradiates a base material 1 increase at this time 
Film composition of the titanium-nitride system formed The mixed crystal of Ti to Ti, Ti2N, and TiC, It is continuously 
changeable from the mixed crystal of Ti, Ti2N, and TiC from the mixed crystal of TiN and TiC to TiC to Ti2N, TiC and Ti2N, 
Ti2N, the mixed crystal of TiN and TiC and Ti2N, and TiN and TiC. Next, the surface-protection layer 18 which consists of an 
about 1 -micrometer TiN layer is formed by making ahnost equal the ratio of the nitrogen gas ion to die titanium ion which 
irradiates a base material 1 . 

[006 1 ] The hard coating fihn formed on the example 1 3 . base material 1 of a view 1 5 forms the surface-protection layer 1 8 which 

consists of a TiN layer 1 micrometer or less, and the hardening layer 14 of the titanium-carbide system to which nitrogen 
composition changes from a base material 1 toward a fihn front face. In the vacuum evaporationo equipment shown in drawing 1 , 
after exhausting the inside of the vacuum tub 3 by the exhaust air system 4, a metal ion source 9 is worked and the ion of titanium 
is irradiated at a base material 1 . Next, the gas containing carbon elements, such as carbon gas, is introduced into the source 10 of 
a gas ion by the gas feed system 5, the source 10 of a gas ion is worked, and the amount of carbon ion which irradiates a base 
material 1 is increased gradually. A gas ion and a metal ion react on a base material 1 , and a titanium carbide is formed on a base 
material 1 . At this time, film composition of the titanium-carbide system formed is continuously changeable to TiC from the 
mixed crystal of Ti to Ti and TiC, and the mixed crystal of Ti and TiC by making the ratio of the gas ion to the titanium ion which 
irradiates a base material 1 increase. Next, the surface-protection layer 18 which consists of a TiN layer about 1 micrometer is 
formed by making almost equal the ratio of the nitrogen gas ion to the titanium ion which irradiates a base material 1 . 
[0062] The hard coating fihn formed as mentioned above Since the TiN layer 1 micrometer or less was prepared as a 
surface-protection layer of the hardening layer of a titanium-nitride system between the hardeiung layer and the base material It is 
not only effective in the outstanding properties, such as a degree of hardness, lasting long, since the mixed-crystal layer of 
long-term-deterioration plain-gauze cone Ti2N and TiN and a mixed-crystal layer with TiC are protected by oxidation reaction 
etc., but since composition was changed continuously, **** is small and it is hard to start the ablation under cutting. Although a 
TiN surface-protection layer is skillful gold, if oxygen, and the gold and carbon which were reddish when it was made to mix are 
made to mix, it can be made to be able to change to an amber color and a feeling of an ornament can also be given. 
[0063] The hard coating fihn formed on the example 1 4. base material 1 of a view 1 6 consists of the ground layer 1 5 which 
consists of a Ti layer 1 micrometer or less, a surface-protection layer 18 which consists of a TiN layer 1 micrometer or less, and a 
hardening layer 16, and this hardening layer 16 prepares the layer of either [ the mixed crystal of Ti2N, Ti2N, and TiN, and ] TiN 
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or Tie. In the vacuum evaporationo equipment shown in drawing 1 , after exhausting the inside of the vacuum tub 3 by the 
exhaust air system 4, a metal ion source 9 is worked, the ion of titanium is irradiated at a base material 1 , and membrane 
formation is started. Thus, after forming the ground layer 1 5 which consists of a Ti layer about 1 micrometer or less next, by the 
gas feed system 5, the gas containing nitrogen elements, such as nitrogen gas or ammonia gas, is introduced into the source 10 of 
a gas ion, the source 1 0 of a gas ion is worked, and nitrogen ion is irradiated at a base material 1 . A gas ion and a metal ion react 
on a base material 1 , and the hardening layer 1 6 of TiN is formed on a base material 1 . At this time, composition of the hardening 
layer 16 of the titanium-nitride system formed can be set to the mixed crystal of Ti2N or Ti2N, and TiN, or TiN by changing the 
ratio of the nitrogen gas ion to the titanium ion which irradiates a base material 1 . Next, the surface-protection layer 1 8 which 
consists of a TiN layer about 1 micrometer or less is formed by making almost equal the ratio of the nitrogen gas ion to the 
titanium ion which irradiates a base material 1 . 

[0064] The hard coating fihn formed on the example 15. base material 1 of a view 17 consists of the ground layer 15 which 
consists of a Ti layer 1 micrometer or less, a surface-protection layer 18 which consists of a TiN layer 1 micrometer or less, and a 
hardening layer 1 7, and this hardening layer 1 7 prepares the layer of the mixed crystal of Ti2N and TiC, the mixed crystal of 
Ti2N, and TiN and TiC, or the mixed crystal of TiN and TiC. hi the vacuum evaporationo equipment shown in drawing 1 , after 
exhausting the inside of the vacuum tub 3 by the exhaust air system 4, a metal ion source 9 is worked, the ion of titanium is 
irradiated at a base material 1 , and membrane formation is started. Thus, after forming the ground layer 1 5 which consists of an 
about 1 -micrometer Ti layer next, by the gas feed system 5, the gas containing nitrogen elements, such as nitrogen gas, and the 
gas containing carbon elements, such as carbon gas, are introduced into the source 10 of a gas ion, the source 10 of a gas ion is 
worked, and nitrogen ion and carbon ion are irradiated at a base material 1 . A gas ion and a metal ion react on a base material 1 , 
and the hardening layer 1 7 of the mixed crystal of TiN and TiC is formed on a base material 1 . At this time, composition of the 
hardening layer 17 of the titanium-nitride system formed can be made into the mixed crystal of Ti2N and TiC, the mixed crystal of 
Ti2N, and TiN and TiC, or the mixed crystal of TiN and TiC by changing the ratio of the nitrogen gas ion to the titanium ion 
which irradiates a base material 1. Next, the surface-protection layer 18 which consists of a TiN layer about 1 micrometer or less 
is formed by making ahnost equal the ratio of the nitrogen gas ion to the titanium ion which irradiates a base material 1 . 
[0065] The hard coating film formed on the example 16. base material 1 of a view 1 8 forms the ground layer 1 5 which consists of 
a Ti layer 1 micrometer or less, the surface-protection layer 18 which consists of a TiN layer 1 micrometer or less, and the 
hardening layer 1 1 of the titanium-nitride system to which nitrogen composition changes from a base material 1 toward a film 
front face. In the vacuum evaporationo equipment shown in drawing 1 , after exhausting the inside of the vacuum tub 3 by the 
exhaust air system 4, a metal ion source 9 is worked, the ion of titanium is irradiated at a base material 1 , and membrane 
formation is started. Thus, after forming the ground layer 1 5 which consists of an about 1 -micrometer Ti layer next, the gas 
containing nitrogen elements, such as nitrogen gas or ammonia gas, is introduced into the source 1 0 of a gas ion by the gas feed 
system 5, the source 10 of a gas ion is worked, and the amount of nitrogen ion which irradiates a base material 1 is increased 
gradually. A gas ion and a metal ion react on a base material 1 , and the hardening layer 1 1 of a titanium-nitride system is formed 
on a base material 1 . At this time, film composition of the titanium-nitride system formed is [ by making the ratio of the nitrogen 
gas ion to the titanium ion which irradiates a base material 1 increase ] continuously changeable from the mixed crystal of Ti2N 
and TiN, and the mixed crystal of Ti2N and TiN to TiN from Ti2N from the mixed crystal of Ti to Ti, the mixed crystal of Ti2N 
and Ti, and Ti2N, and Ti2N. Next, the surface-protection layer 18 which consists of a TiN layer about 1 micrometer or less is 
formed by making almost equal the ratio of the nitrogen gas ion to the titanium ion which irradiates a base material 1 . 
[0066] The hard coating film formed on the base material 1 of an example 17. drawing 19 view forms the ground layer 1 5 which 
consists of a Ti layer 1 micrometer or less, the surface-protection layer 18 which consists of a TiN layer 1 micrometer or less, and 
the hardening layer 13 of the carbonization titanium-nitride system to which nitrogen composition and carbon composition change 
from a base material 1 toward a film front face. In the vacuum evaporationo equipment shown in drawing 1 , after exhausting the 
inside of the vacuum tub 3 by the exhaust air system 4, a metal ion source 9 is worked, the ion of titanium is irradiated at a base 
material 1, and membrane formation is started. Thus, after forming the ground layer 15 which consists of an about 1 -micrometer 
Ti layer next, by the gas feed system 5, the gas containing nitrogen elements, such as nitrogen gas, and the gas containing carbon 
elements, such as carbon gas, are introduced into the source 10 of a gas ion, the source 10 of a gas ion is worked, and nitrogen ion 
and carbon ion are irradiated at a base material 1 . A gas ion and a metal ion react on a base material 1 , and the hardening layer 1 7 
of the mixed crystal of TiN and TiC is formed on a base material 1 . At this time, composition of the hardening layer 17 of the 
titanium-nitride system formed can be made into the mixed crystal of Ti2N and TiC, the mixed crystal of Ti2N, and TiN and TiC, 
or the mixed crystal of TiN and TiC by changing the ratio of the nitrogen gas ion to the titanium ion which irradiates a base 
material 1 . Next, by making ahnost equal the ratio of the nitrogen gas ion to the titanium ion which irradiates a base material 1, 
the surface-protection layer 18 which consists of a TiN layer about 1 micrometer or less is formed. 

[0067] The hard coating fihn formed on the example 1 8. base material 1 of a view 20 forms the ground layer 1 5 which consists of 
a Ti layer 1 micrometer or less, the surface-protection layer 1 8 which consists of a TiN layer 1 micrometer or less, and the 
hardening layer 14 of the titanium-carbide system to which carbon composition changes from a base material 1 toward a fihn 
front face. In the vacuum evaporationo equipment shown in drawing 1 , after exhausting the inside of the vacuum tub 3 by the 
exhaust air system 4, a metal ion source 9 is worked, the ion of titanium is irradiated at a base material 1 , and membrane 
formation is started. Thus, after forming the ground layer 1 5 which consists of an about 1 -micrometer Ti layer next, the gas 
containing carbon elements, such as carbon gas, is introduced into the source 10 of a gas ion by the gas feed system 5, the source 
10 of a gas ion is worked, and the amount of carbon ion which irradiates a base material 1 is increased gradually. A gas ion and a 
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metal ion react on a base material 1 , and a titanium carbide is formed on a base material 1 . At this time, film composition of the 
titanium-carbide system formed is continuously changeable to TiC fi-om the mixed crystal of Ti to Ti and TiC, and the mixed 
crystal of Ti and TiC by making the ratio of the gas ion to the titanium ion which irradiates a base material 1 increase. Next, the 
siurface-protection layer 18 which consists of a TiN layer about 1 micrometer or less is formed by making ahnost equal the ratio of 
the nitrogen gas ion to the titanium ion which irradiates a base material 1 . 

[0068] Since the TiN layer 1 micrometer or less was prepared as a ground of the hardening layer of a titanium-nitride system as 
Ti layer 1 micrometer or less and a surface-protection layer of a hardening layer, the property which was very high and was 
degree of hardness ] excellent can make the adhesion force of a base material and a hardening layer last long according to the 
above hard coating film. Of course, since composition was changed continuously, **♦* is small and the ablation under cutting 
cannot take place easily. In the hard coating fihn of the titanium-nitride system of drawing 4 - drawing 20 mentioned above 
Instead of a titanium (Ti) element, aluminum (aluminum), a tungsten (W), It replaces by chromium (Cr), the zirconium (Zr), 
boron (B), and the metallic element of silicon (Si). The hard coating fihn which consists of material of an alumimium nitride 
system, a nitriding tungsten system, a zirconium-nitride system, a boron-nitride system, or a silicon-nitride system. And it is good 
also as a hard coating fihn which consists of mixture of the material of at least two or more kinds of alumimium nitride systems, a 
nitriding tungsten system, a nitriding chromium system, a zirconium-nitride system, a boron-nitride system, or a silicon-nitride 
system. 

[0069] moreover, the hard coating fihn of the titanium-nitride system of drawing 4 - drawing 20 - setting - instead of [ of a 
nitrogen (N) element ] - an oxygen element (O) - or It replaces by the carbon element (C). Oxidization or a titanium-carbide 
system, oxidization, or an aluminium-carbide system. Oxidization or a tungsten-carbide system, oxidization, or a 
zirconium-carbide system. The hard coating film which consists of material of oxidization, a carbonization boron system, 
oxidization, or a carbonization silicon system. And at least two or more kinds of oxidization or titanium-carbide systems, 
oxidization, or aluminium-carbide systems. It is good also as a hard coating fihn which consists of mixture of the material of 
oxidization or a tungsten-carbide system, oxidization or a chromium-carbide system, oxidization or a zirconium-carbide system, 
oxidization, a carbonization boron system, oxidization, or a carbonization silicon system. 

[0070] Example 19. drawing 21 is the outiine cross section showing the vacuum evaporation© equipment which is a hard coating 
fihn manufacturing installation by the example 1 9 of this invention. The insulating means for tiie insulating means for in 20, the 
heating means of a base material 1 and 22 impressing cooling piping to a base-material electrode-holder mechanism, and the axis 
of rotation of the base-material electrode holder 2 and 21 impressing bias voltage, as for 23 and 24 impressing the rotation drive 
system of a base-material electrode-holder mechanism in drawing, and 25 impressing bias voltage to the source 10 of a gas ion, 
the power supply to which 26 impresses bias voltage to a base-material electrode-holder mechanism, and 27 are power supplies 
which impress bias voltage to the source of a gas ion. 

[007 1 ] After exhausting the inside of the vacuum tub 3 by the exhaust air system 4 fu^t, the axis of rotation 20 of the 
base-material electrode holder 2 is rotated by the rotation drive system 24 of a base-material electrode-holder mechanism, and a 
base material 1 and the base-material electrode holder 2 are rotated. At this time, it is also possible to pass cooling water, coolant 
gas, liquid nitrogen, etc. for the cooling piping 22 by the heating means 21 of a base material 1, in order to prevent to carry out 
preheating of the base-material 1 fi'ont face and the temperature rise under vacuum evaporationo, and to cool a base material 1. 
By the gas feed system 5, in the source 10 of a gas ion Next, at least one or more kinds of titanium (Ti), The gas, TiC14, A1C13, 
and SiH4, containing metallic elements, such as aluminum (aluminum), a tungsten (W), boron (B), and silicon (Si), and WF6 gas, 
[ for example, ] The mixed gas containing at least one or more kinds of nitrogen gas, oxygen gas, the gas of a hydrocarbon system 
or a nitrogen (N) element, an oxygen (O) element, or a carbon (C) element is introduced, and the source 1 0 of a gas ion is 
worked. In the source 10 of a gas ion, ionization meanses, such as electric discharge, ionize and decompose gas, and metallic 
element ion, such as titanium, aluminum, a tungsten, boron, and silicon, a nitrogen element, an oxygen element, or carbon element 
ion is irradiated at a base material 1 . If bias voltage is impressed to the source 10 of a gas ion electrically insulated from the 
vacuum tub 3 by the insulating means 25 by the power supply 27 which impresses bias voltage at this time, a gas ion can be 
accelerated fiirther and a base material 1 can be irradiated. 

[0072] Metallic element ion and a nitrogen element, an oxygen element, or carbon element ion reacts on a base material 1 , and 
iie hard coating fihn of a ceramic system is formed on a base material 1 . Furthermore, since it insulates electrically by the 
insulating means 23, if bias voltage is impressed by the power supply 26, a base material 1 and a base-material electrode-holder 
mechanism will accelerate ion fiirther, and will become possible [ carrying out irradiation pouring ] at a base material 1 . 
Moreover, fihn composition of the ceramic system formed is continuously changeable by changing the quantity-of-gas-flow ratio 
introduced into the source 10 of a gas ion at this time. 

[0073] Since a gas ion is driven into a base-material front face and the hard coating (pouring in) film was formed by this invention 
as explained above, the vacuum evaporationo of the hard coating film which cannot exfoliate easily can be carried out. Moreover, 
by enlarging acceleration energy of ion, it also becomes possible from bulk crystal material to form the high density or the hard 
coating film of a high degree of hardness which is not obtained at nature. Moreover, it also becomes possible by changing the kind 
and mixing ratio of gas to change the crystal structure and material composition. 

[0074] Example 20. drawing 22 is the outiine cross section showing the vacuum evaporationo equipment of the hard coating film 
by the example 20 of this invention. In drawing, 28 is a gas feed system. After exhausting the inside of the vacuum tub 3 by the 
exhaust air system 4 first, the axis of rotation 20 of the base-material electrode holder 2 is rotated by the rotation drive system 24 
of a base-material electrode-holder mechanism, and a base material 1 and the base-material electrode holder 2 are rotated. At this 
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time, it is also possible to carry out preheating of the front face of a base material 1 by the heating means 21 of a base material 1 
or to pass cooling water, coolant gas, liquid nitrogen, etc. for the cooling piping 22, and to cool a base material 1 , in order to 
prevent the temperature rise under vacuum evaporationo. 

[0075] Next, by the gas feed system 5, the mixed gas containing at least one or more kinds of nitrogen gas, oxygen gas, the gas of 
a hydrocarbon system or a nitrogen (N) element, an oxygen (O) element, or a carbon (C) element is introduced into the source 10 

of a gas ion, and the source 10 of a gas ion is worked. In the source 10 of a gas ion, ionization meanses, such as electric discharge, 
ionize and decompose gas, and a nitrogen element, an oxygen element, or carbon element ion is irradiated at a base material 1 . If 
bias voltage is impressed to the source 25 of a gas ion electrically insulated from the vacuum tub 3 by the insulating means 25 by 
the power supply 27 which impresses bias voltage at this time, a gas ion can be accelerated ftirther and a base material 1 can be 
irradiated. 

[0076] On the other hand, by the gas feed system 5, the gas, TiC14, A1C13, and SiH4, containing metallic elements, such as at 
least one or more kinds of titanium (Ti), aluminum (aluminum), a tungsten (W), boron (B), and silicon (Si), and WF6 gas are 
introduced into the source 6 of a gas ion, and the source 6 of a gas ion (evaporation source) is worked. [ for example, ] In the 
source 6 of a gas ion (evaporation source), ionization meanses, such as electric discharge, ionize and decompose gas, and metallic 
element ion, such as titanium, aluminum, a tungsten, boron, and silicon, is irradiated at a base material 1 . If bias voltage is 
impressed to the source 6 of a gas ion electrically insulated from the vacuum tub 3 by the insulating means 25 by the power 
supply 29 which impresses bias voltage at this time, a gas ion can be accelerated further and a base material 1 can be irradiated. 
[0077] Metallic element ion and a nitrogen element, an oxygen element, or carbon element ion reacts on a base material 1 , and 
the hard coating film of a ceramic system is formed on a base material 1 . Furthermore, since it insulates electrically by the 
insulating means 23, if bias voltage is impressed by the power supply 26, a base material 1 and a base-material electrode-holder 
mechanism will accelerate ion ftirther, and vsrill become possible [ carrying out irradiation pouring ] at a base material 1 . 
Moreover, film composition of the ceramic system formed is continuously changeable by changing the ratio of the gas element ion 
which irradiates the base material 1 at this time, and metallic element ion. Since fiarther two or more gas-ion kinds are freely 
changeable with this invention in addition to the above-mentioned operation as e?q)lained above, controlling the crystal structure 
and material composition freely fiirther according to the interaction of each gas-ion kind and ** which carries out the vacuum 
evaporationo of the material which is not obtained in nature become possible. 

[0078] The hard coating fihn formed in the above example Nitriding, oxidization or a titanium-carbide system, nitriding, 
oxidization, or a chromium-carbide system, Nitriding, oxidization or an aluminium-carbide system, nitriding, oxidization, or a 
tungsten-carbide system, Nitriding, oxidization or a zirconium-carbide system, nitriding, oxidization, a carbonization boron 
system, or nitriding. The hard coating film which consists of material of oxidization or a carbonization silicon system. And at least 
two or more kinds of nitriding, oxidization or a titanium-carbide system, nitriding. Oxidization or a chromium-carbide system, 
nitriding, oxidization, or an aluminium-carbide system. It is good also as the mixture of the material of nitriding, oxidization or a 
tungsten-carbide system, nitriding, oxidization or a zirconium-carbide system, nitriding, oxidization, a carbonization boron system 
or nitriding, oxidization, or a carbonization silicon system, or a hard coating fihn from which these composition changes 
continuously. 

[0079] Example 2 1 . drawing 23 is the outline cross section showing the manufacturing installation of the hard coating fihn by the 
example 2 1 of this invention. After exhausting the inside of the vacuum tub 3 by the exhaust air system 4 first, the axis of rotation 
20 of the upward base-material electrode holder 2 is rotated by the rotation drive system 24 of a base-material electrode-holder 
mechanism, and a vacuum evaporationo side rotates a upward base material 1 and the upward base-material electrode holder 2. 
At this time, it is also possible to pass cooling water, coolant gas, liquid nitrogen, etc. for the cooling piping 22 by the heating 
means 21 of a base material, in order to prevent to carry out preheating of the base-material 1 front face and the temperature rise 
under vacuum evaporationo, and to cool a base material 1 . 

[0080] Next, by the gas feed system 5, the mixed gas containing at least one or more kinds of nitrogen gas, oxygen gas, the gas of 
a hydrocarbon system or a nitrogen (N) element, an oxygen (O) element, or a carbon (C) element is introduced into the source 10 
of a gas ion which irradiates a gas ion facing down or downward [ slanting ], and the source 10 of a gas ion is worked. In the 
downward source 10 of a gas ion, ionization meanses, such as electric discharge, ionize and decompose gas, and a nitrogen 
element, an oxygen element, or carbon element ion is irradiated at a base material 1 . If bias voltage is impressed to the source 10 
of a gas ion electrically insulated from the vacuum tub 3 by the insulating means 25 by the power supply 27 which impresses bias 
voltage at this time, a gas ion can be accelerated fijrther and a base material 1 can be irradiated. 

[0081] On the other hand, by the gas feed system 5, the gas, TiC14, A1C13, and SiH4, containing metallic elements, such as at 
least one or more kinds of titanium (Ti), aluminum (aluminum), a tungsten (W), boron (B), and silicon (Si), and WF6 gas are 
introduced into the source 6 of a gas ion which irradiates ion facing down or downward [ slanting ], and the source 6 of a gas ion 
is worked. [ for example, ] In the downward source 6 of a gas ion, ionization meanses, such as electric discharge, ionize and 
decompose gas, and metallic element ion, such as titanium, aluminum, a tungsten, boron, and silicon, is irradiated at a base 
material 1 . If bias voltage is impressed to the source 6 of a gas ion electrically insulated from the vacuum tub 3 by the insulating 
means 25 by the power supply 29 which impresses bias voltage at this time, a gas ion can be accelerated ftirther and a base 
material 1 can be irradiated. Metallic element ion and a nitrogen element, an oxygen element, or carbon element ion reacts on a 
base material 1 , and the hard coating film of a ceramic system is formed on a base material 1 . Furthermore, since it insulates 
electrically by the insulating means 23, if bias voltage is impressed by the power supply 26, a base material 1 and a base-material 
electrode-holder mechanism will accelerate ion fiirther, and will become possible [ carrying out irradiation pouring ] at a base 
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material 1. 

[0082] As explained above, in order to form membranes without using a metal ion source, it is not necessary to replace a metallic 
material with this invention and, and it becomes possible to a vacuum tub bottom or width side by it to irradiate ion facing down 
or sideways and to form membranes about the base material of a large weight since vacuum evaporationo is possible in this 
source of a gas ion at any sense. Furthermore, even if moving the source of a gas ion and forming membranes does not rotate eye a 
possible hatchet and a base material, either, when the source of a gas ion makes it move, vacuum evaporationo becomes possible 
also at the concavo-convex side and vertical plane of a base material. In the above-mentioned example, 0 [1 ], i.e., a base 
material, and the base-material electrode holder 2 are maintained at ground potential for the bias voltage of a power supply 26. If 
membranes are formed impressing the positive bias voltage of the source 10 of a gas ion by the power supply 27, and irradiating 
the cation of a gas element at a base material 1, the acceleration energy of a gas ion by enlarging Since base-material potential is 
ground potential not to mention driving ion into the front face of a base material 1 , and being able to form a hard coating (pouring 
in) film, it becomes unnecessary to insulate the base-material electrode holder 2, its rotation means, and a water-cooled means. 
[0083] Moreover, in the above-mentioned example, if membranes are formed grounding the source 10 of a gas ion by the power 
supply 27, or impressing positive bias voltage, and irradiating the cation of a gas element at a base material 1 , while impressing 
negative bias voltage to a base material 1 and the base-material electrode holder 2 by the power supply 26, ion is driven into the 
front face of a base material 1 , and a hard coating (pouring in) film can be formed. Moreover, since the potential of the source 10 
of a gas ion is ground potential or low bias potential, the miniaturization of the power supply 26 of the source 10 of a gas ion is 
attained. Moreover, in the above-mentioned example, 0 [1 ], i.e., a base material, and the base-material electrode holder 2 are 
maintained at ground potential for the bias voltage of a power supply 26. By the power supply 27, at least one or more kinds of 
nitrogen gas, oxygen gas, or the gas of a hydrocarbon system. Or while impressing the positive bias voltage of the source 1 0 of a 
gas ion which irradiates the dissociation kind and ion of the gas containing a nitrogen element, an oxygen element, or a carbon 
element and irradiating the cation of a gas element at a base material 1 By the power supply 29, at least one or more kinds of 
titanium (Ti), aluminum (aluminum). If membranes are formed impressing positive bias voltage to the source 6 of a gas ion which 
irradiates the dissociation kind and ion of the gas containing metallic elements, such as a tungsten (W), boron (B), and silicon 
(Si), and irradiating the cation of a gas element at a base material 1 Since base-material potential is ground potential not to 
mention driving ion into the front face of a base material 1 , and being able to form a hard coating (pouring in) fUm, it becomes 
unnecessary to insulate the base-material electrode holder 2, its rotation means, and a water-cooled means. 
[0084] Moreover, in the above-mentioned example, 0 [1 ], i.e., a base material, and the base-material electrode holder 2 are 
maintained at ground potential for the bias voltage of a power supply 26. By the power supply 27, at least one or more kinds of 
nitrogen gas, oxygen gas, or the gas of a hydrocarbon system. Or while impressing negative bias voltage to the source 10 of a gas 
ion which irradiates the dissociation kind and ion of the gas containing a nitrogen element, an oxygen element, or a carbon 
element and irradiating the anion and electron of a gas element at a base material 1 By the power supply 29, at least one or more 
kinds of titanium (Ti), aluminum (aluminum), If membranes are formed impressing positive bias voltage to the source 6 of a gas 
ion which irradiates the dissociation kind and ion of the gas containing metallic elements, such as a tungsten (W), boron (B), and 
silicon (Si), and irradiating the cation of a gas element at a base material 1 Since base-material potential is ground potential not to 
mention driving ion into a base-material front face, and being able to form a hard coating (pouring in) fihn, it is not necessary to 
insulate the base-material electrode holder 2, its rotation means, and a water-cooled means. Moreover, since it was made to 
irradiate the gas ion which is a negative charge, the gas ion which is positive charge, and an electron on a base-material front face, 
the amount of charges of a charged particle is neutralized and membrane formation can cany out. 

[0085] Moreover, in the above-mentioned example, 0 [1 ], i.e., a base material, and the base-material electrode holder 2 are 
maintained at ground potential for the bias voltage of a power supply 26. By the power supply 27, at least one or more kinds of 
nitrogen gas, oxygen gas, or the gas of a hydrocarbon system. Or while impressing the positive bias voltage of the source 10 of a 
gas ion which irradiates the dissociation kind and ion of the gas containing a nitrogen element, an oxygen element, or a carbon 
element and irradiating the cation of a gas element at a base material 1 By the power supply 29, at least one or more kinds of 
titaniimi (Ti), aluminum (aluminum). If membranes are formed impressing positive bias vohage to the source 6 of a gas ion which 
irradiates the dissociation kind, anion, and electron containing metallic elements, such as a tungsten (W), boron (B), and silicon 
(Si), of gas, and irradiating the cation of a gas element at a base material 1 Since base-material potential is ground potential not to 
mention driving ion into a base-material front face, and being able to form a hard coating (pouring in) film, it is not necessary to 
insulate the electrode holder, this rotation means, and water-cooled means of a base material. Moreover, since it was made to 
irradiate the gas ion which is a negative charge, the gas ion which is positive charge, and an electron on a base-material front face, 
the amount of charges of a charged particle is neutralized and membrane formation can carry out. 
[0086] Moreover, in the above-mentioned example, while impressing negative bias voltage to a base material 1 and the 
base-material electrode holder 2 by the power supply 26 By the power supply 27, at least one or more kinds of nitrogen gas, 
oxygen gas, or the gas of a hydrocarbon system. Or while impressing ground potential or positive bias voltage for the source 10 of 
a gas ion which irradiates the dissociation kind and ion of the gas containing a nitrogen element, an oxygen element, or a carbon 
element and irradiating the cation of a gas element at a base material 1 By the power supply 29, at least one or more kinds of 
titanium (Ti), aluminum (aluminum). If membranes are formed impressing ground potential or positive bias voltage for the source 
6 of a gas ion which irradiates the dissociation kind, anion, and electron containing metallic elements, such as a tungsten (W), 
boron (B), and silicon (Si), of gas, and irradiating the cation of a gas element at a base material 1 Since the potential of the source 
6 of a gas ion is ground potential or low bias voltage not to mention driving ion into a base-material front face, and being able to 
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form a hard coating (pouring in) film, the miniaturization of the power supply of the source 6 of a gas ion is attained. 
[0087] Moreover, in the above-mentioned example, while impressing negative bias voltage to a base material 1 and the 
base-material electrode holder 2 by the power supply 26 By the power supply 27, at least one or more kinds of nitrogen gas, 
oxygen gas, or the gas of a hydrocarbon system. Or while irradiating the electron which maintains at a bigger electronegative 
potential than the potential of a base material 1 the source 10 of a gas ion which irradiates the dissociation kind and ion of the gas 
containing a nitrogen element, an oxygen element, or a carbon element, and is generated from the anion and the source of a gas 
ion of a metalUc element in a base material 1 By the power supply 29, at least one or more kinds of titanium (Ti), aluminum 
(aluminum). If membranes are formed impressing ground potential or positive bias voUage for the source 6 of a gas ion which 
irradiates the dissociation kind, anion, and electron containing metallic elements, such as a tungsten (W), boron (B), and silicon 
(Si), of gas, and irradiating the cation of a gas element at a base material 1 Not to mention driving ion into a base-material front 
face, and being able to form a hard coating (pouring in) fihn, since it was made to irradiate the gas ion which is a negative charge, 
the gas ion which is positive charge, and an electron at a surface of metal, the amount of charges of a charged particle is 
neutralized and membrane formation can carry out. 

[0088] Moreover, in the above-mentioned example, while impressing negative bias voltage to a base material 1 and the 
base-material electrode holder 2 by the power supply 26 By the power supply 27, at least one or more kinds of nitrogen gas, 
oxygen gas, or the gas of a hydrocarbon system. Or while impressing ground potential or positive bias voltage for the source 10 of 
a gas ion which irradiates the dissociation kind and ion of the gas containing a nitrogen element, an oxygen element, or a carbon 
element and irradiating the cation of a gas element at a base material 1 By the power supply 29, at least one or more kinds of 
titanium (Ti), aluminum (aluminum). If membranes are formed irradiating the electron which maintains at a bigger 
electronegative potential than the potential of a base material 1 the source 6 of a gas ion which irradiates the dissociation kind, 
anion, and electron containing metallic elements, such as a tungsten (W), boron (B), and silicon (Si), of gas, and is generated from 
the anion and the ion source of a metallic element in a base material 1 Not to mention driving ion into a base-material front face, 
and being able to form a hard coating (pouring in) film, since it was made to irradiate the gas ion which is a negative charge, the 
gas ion which is positive charge, and an electron on a base-material front face, the amount of charges of a charged particle is 
neutralized and membrane formation can carry out. 

[0089] In the above-mentioned example, moreover, the output voltage from a power supply 26 which impresses bias voltage to a 
base material 1 and the base-material electrode holder 2 Direct current voltage as shown in drawing 24 , the direct current voltage 
which impresses the negative bias voltage by which half-wave rectification was carried out as shown in drawing 25 , Or since the 
time when negative voltage as shown in the voltage or negative drawing 27 , and negative drawing 28 of the shape of a step as 
shown in drawing 26 is impressed was made to consider as alternating voltage longer than the time impressed to positive voltage 
Even if especially the rate of a ripple does not use a low power supply, the vacuum evaporation© of the hard coating film which 
cannot exfoliate easily by driving into a base-material front face the cation generated from the ion source (pouring in) can be 
carried out, and the cost reduction of a power supply is easy and can be miniaturized. 

[0090] Moreover, in the above-mentioned example, since the output voltage from a power supply 26 which impresses bias 
voltage to a base material 1 and the base-material electrode holder 2 considered as the AC power supply of the shape of a sine 
wave as shown in drawing 29 , and the AC power supply of the shape of a step as shown in drawing 30 , the ion of a positive 
charge, the ion of a negative charge, and an electron are irradiated by turns on a base-material front face to a base material 1 , the 
amount of charges of a charged particle is neutralized, and membrane formation is performed. Moreover, since ion is driven into a 
base-material front face and the hard coating (pouring in) film was formed by enlarging acceleration energy of ion, the vacuum 
evaporation© of the hard coating fihn which cannot exfoliate easily can be carried out. Moreover, in the above-mentioned 
example, since the output voltage from power supplies 27 and 29 which impresses bias voltage to a metal evaporation source or a 
metal ion source 9, and the sources 1 0 and 6 of a gas ion considered as the AC power supply of the shape of a sine wave as shown 
in drawing 29 , and the AC power supply of the shape of a step as shown in drawing 30 , the ion of a positive charge, the ion of a 
negative charge, and an electron are irradiated by turns on a base-material front face to a base material 1, the amount of charges of 
a charged particle is 

[0091] Example 22. drawing 31 is the outline cross section showing the vacuimi evaporation© equipment of the hard coating film 
by the example 22 of this invention. After exhausting the inside of the vacuum tub 3 by the exhaust air system 4 first, the axis of 
rotation 20 of the base-material electrode holder 2 is rotated by the rotati©n drive system 24 of a base-material electrode-holder 
mechanism, and a base material 1 and the base-material electrode holder 2 are rotated. At this time, it is also possible to pass 
cooling water, co©lant gas, liquid nitrogen, etc. for the cooling piping 22 by the heating means 2 1 of a base material I , in order to 
prevent to carry out preheating of the base-material 1 front face and the temperature rise under vacuum evaporation©, and to co©l 
a base material 1 . Next, by the gas feed system 5, the gas c©ntaining a nitrogen element or carbon elements, such as at least one or 
more kinds of nitrogen gas, methane, and ammonia gas, is introduced into the source 10 of a gas ion, and the source 10 of a gas 
ion is worked. In the source 10 of a gas ion, ionization meanses, such as electric discharge, ionize and decompose gas, and gas 
ions, such as nitrogen, are irradiated at a base material 1. If bias vohage is impressed t© the s©urce 10 ©fa gas i©n electrically 
insulated fr©m the vacuum tub 3 by the insulating means 25 by the power supply 27 which impresses bias voltage at this time, a 
gas ion can be accelerated further and a base material 1 can be irradiated. 

[0092] On the other hand, a metal ion source 9 is worked and the ion of metallic materials, such as titanium, is irradiated at a base 
material 1 . Also at this time, by the power supply 29 which impresses bias voltage, if bias voltage is impressed to the metal ion 
source 9 electrically insulated from the vacuum tub 3 by the insulating means 25, a metal ion can be accelerated ftirther and a base 
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material 1 can be irradiated. A gas ion and a metal ion react on a base material 1 , and a titanium nitride is formed on a base 
material 1 . Furthermore, a base material 1 and a base-material electrode-holder mechanism will become possible [ accelerating 
ion further and irradiating a base material 1 ], if bias voltage is impressed by the power supply 26, since it insulates electrically by 
the insulating means 23. Moreover, film composition of the titanium-nitride system formed is [ by changing the ratio of the 
nitrogen gas ion which irradiates the base material 1 at this time, and a metal ion ] continuously changeable from the mixed crystal 
of Ti2N and TiN, and the mixed crystal of TON and TiN to TiN from Ti2N from the mixed crystal of Ti to Ti, the mixed crystal 
of Ti2N and Ti, and Ti2N, and Ti2N. 

[0093] Since ion is driven into a base-material front face and the hard coating (pouring in) film was formed by this invention as 

explained above, the vacuum evaporationo of the hard coating fihn which cannot exfoliate easily can be carried out. Moreover, by 
enlarging acceleration energy of a metal ion and a gas ion, it also becomes possible from bulk crystal material to form the high 
density or the hard coating film of a high degree of hardness which is not obtained at nature. Moreover, controlling the crystal 
structure and material composition freely according to the interaction of a metal ion and a gas ion and ** which carries out the 
vacuum evaporationo of the material which is not obtained in nature become possible, fiirthermore - since it enabled it to control 
composition of a hard coating fihn freely by changing the rate of the metal ion which irradiates a base material, and a gas ion, it is 
possible to change continuously nitrogen composition of the hardening layer of a titanium-nitride system, for example ~ becoming 
- this sake — a base-material front face ~ Ti ~ since it can consider as a rich layer, the adhesion force with a base material can be 
heightened Moreover, since it can consider as Ti2N with a high degree of hardness, a TiN mixolimnion, and a mixed-crystal layer 
with Tie, a degree of hardness can be made higher than the conventional TiN. Moreover, since composition was changed 
continuously, tiiere is an efiect which **** is smaU and the ablation under cutting carmot start easily. 

[0094] Moreover, in drawing 31 , 0 [1 ], i.e., a base material, and the base-material electrode holder 2 are maintained at ground 
potential for the bias voltage of a power supply 26. While impressing positive bias voltage to the source 10 of a gas ion by the 
power supply 27 and irradiating the cation of a gas element at a base material 1 If membranes are formed impressing positive bias 
voltage to the metal evaporation source 9 or a metal ion source 9 by the power supply 29, and irradiating the cation of a metalUc 
element at a base material 1 , the acceleration energy of a metal ion and a gas ion by enlarging Since base-material potential is 
ground potential not to mention driving ion into a base-material front face, and being able to form a hard coating (pouring in) film, 
it becomes unnecessary to insulate the base-material electrode holder 2, its rotation means, and a water-cooled means. Moreover, 
in drawing 31 , 0 [1 ], i.e., a base material, and the base-material electrode holder 2 are maintained at ground potential for the bias 
voltage of a power supply 26. While irradiating the electron which impresses negative bias voltage to the source 10 of a gas ion 
by the power supply 27, and is generated from the anion and the source of a gas ion of a gas element in a base material 1 If 
membranes are formed impressing positive bias voltage to the metal evaporation source 9 or a metal ion source 9 by the power 
supply 29, and irradiating the cation of a metallic element at a base material 1 Since a base-material front face irradiates the metal 
ion which is positive charge, the gas ion which is a negative charge, and an electron, the amount of charges of a charged particle 
is neutralized and membrane formation is performed. Since base-material potential is ground potential, it becomes uimecessary 
moreover, to insulate a base-material electrode-holder mechanism. 

[0095] Moreover, in drawing 31 , 0 [1 ], i.e., a base material, and the base-material electrode holder 2 are maintained at ground 
potential for the bias voltage of a power supply 26. While impressing positive bias voltage to the source 10 of a gas ion by the 
power supply 27 and irradiating the cation of a gas element at a base material 1 If membranes are formed irradiating the electron 
which impresses negative bias voltage to the metal evaporation source 9 or a metal ion source 9 by the power supply 29, and is 
generated from the anion and metal ion source of a metallic element in a base material 1 Since a base-material front face irradiates 
the metal ion which is a negative charge, the gas ion which is positive charge, and an electron, the amount of charges of a charged 
particle is neutralized and membrane formation is possible. Since base-material potential is ground potential, it becomes 
unnecessary moreover, to insulate a base-material electrode-holder mechanism. Moreover, in drawing 3 1 , while impressing 
negative bias voltage to a base material 1 and the base-material electrode holder 2 by the power supply 26 While grounding the 
source 10 of a gas ion by the power supply 27, or impressing positive bias voltage and irradiating the cation of a gas element at a 
base material 1 If membranes are formed grounding the metal evaporation source 9 or a metal ion source 9 by the power supply 
29, or impressing positive bias voltage, and irradiating the cation of a metallic element at a base material 1 Ion is driven into a 
base-material front face even if a metal ion source and the source of a gas ion are ground potentials, it not only can form a hard 
coating (pouring in) film, but Since the potential of the source of a gas ion is ground potential or low bias voltage, the 
miniaturization of the power supply of the source of a gas ion is attained. 

[0096] Moreover, in drawing 31 , while impressing negative bias voltage to a base material 1 and the base-material electrode 
holder 2 by the power supply 26 While grounding the source 10 of a gas ion by the power supply 27, or impressing positive bias 
voltage and irradiating the cation of a gas element at a base material 1 If membranes are formed irradiating the electron which 
maintains the metal evaporation source 9 or a metal ion source 9 at a bigger electronegative potential than the potential of a base 
material 1 by the power supply 29, and is generated from the anion and metal ion source of a metallic element in a base material 1 
Ion is driven into a base-material front face, and a hard coating (pouring in) fihn can be formed. Moreover, since it was made to 
irradiate the metal ion which is positive charge, the gas ion which is a negative charge, and an electron on a base-material front 
face, the amount of charges of a charged particle can be neutralized. Moreover, in drawing 1 , while impressing negative bias 
voltage to a base material 1 and the base-material electrode holder 2 by the power supply 26 While irradiating the electron which 
maintains the source 10 of a gas ion at a bigger electronegative potential than the potential of a base material 1 by the power 
supply 27, and is generated from the anion and the source of a gas ion of a gas element in a base material 1 If membranes are 
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formed grounding the metal evaporation source 9 or a metal ion source 9 by the power supply 29, or impressing positive bias 
voltage, and irradiating the cation of a metallic element at a base material 1 , ion is driven into a base-material front face, and a 
hard coating (pouring in) film can be formed. Moreover, since it was made to irradiate the metal ion which is positive charge, the 
gas ion which is a negative charge, and an electron on a base-material front face, the amount of charges of a charged particle can 
be neutralized. 

[0097] Moreover, in drawing 3 1 , while impressing negative bias voltage to a base material 1 and the base-material electrode 
holder 2 by the power supply 26 While irradiating ****** which maintains the source 10 of a gas ion at a bigger electronegative 
potential than the potential of a base material by the power supply 27, and is generated from the anion and the source of a gas ion 
of a gas element in a base material 1 If membranes are formed grounding the metal evaporation source 9 or a metal ion source 9 
by the power supply 29, or impressing positive bias voltage, and irradiating the cation of a metallic element at a base material 1, 
ion is driven into a base-material front face, and a hard coating (pouring in) film can be formed. Moreover, since it was made to 
irradiate the metal ion which is positive charge, the gas ion which is a negative charge, and an electron on a base-material front 
face, the amount of charges of a charged particle can be neutralized. 

[0098] In drawing 31 , moreover, the output voltage from a power supply 26 which impresses bias voUage to a base material 1 
and the base-material electrode holder 2 Direct current voltage as shown in drawing 24 , the direct current voltage which 
impresses the negative bias voltage by which half-wave rectification was carried out as shown in drawing 25 , Or since the time 
when negative voltage as shown in the voltage or negative drawing 27 , and negative drawing 28 of the shape of a step as shown 
in drawing 26 is impressed was made to consider as alternating voltage longer than the time impressed to positive voltage Even if 
especially the rate of a ripple does not use a low power supply, the vacuum evaporationo of the hard coating fiUn which cannot 
erfoliate easily by driving into a base-material front face the cation generated from the ion source (pouring in) can be carried out. 
Moreover, the cost reduction of a power supply is easy and can be miniaturized. Moreover, in drawing 3 1 , since the output 
voltage from a power supply 26 which impresses bias voltage to a base material 1 and the base-material electrode holder 2 
considered as the AC power supply of the shape of a sine wave as shown in drawing 29 , and the AC power supply of the shape of 
a step as shown in drawing 30 and it was made to irradiate the ion of a positive charge, the ion of a negative charge, and an 
electron by turns on a base-material front face to a base material 1 , it neutralizes the amoiint of charges of a charged particle, and 
membrane formation of it is possible. Moreover, since ion is driven into a base-material front face and the hard coating (pouring 
in) fihn was formed by enlarging acceleration energy of ion, the vacuum evaporationo of the hard coating fibn which cannot 
exfoliate easily can be carried out. 

[0099] Moreover, in drawing 31 , since the output voltage from power supplies 27 and 29 which impresses bias voltage to a 
metal evaporation source or a metal ion source 9, and the sources 10 and 6 of a gas ion considered as the AC power supply of the 
shape of a sine wave as shown in drawing 29 , and the AC power supply of the shape of a step as shown in drawing 30 and it was 
made to irradiate the ion of a positive charge, the ion of a negative charge, and an electron by turns on a base-material front face to 
a base material 1 , it neutralizes the amount of charges of Moreover, in drawing 31 , if ion, such as inert gas, such as an argon 
(Ar), or nitrogen gas, and hydrogen gas, is generated by the source of a gas ion, a base-material front face is irradiated in the 
acceleration energy of the ion of about 50-10 ke Vs, and the amount of ion of about 1 0- 1 000mA and a base material is heated, the 
heater which heats a base material will become unnecessary. 
[0100] 

[Effect of the Invention] since the 1 st term of a claim of this invention is the hard coating film with which the base-material front 
face was coated and this hard coating fibn is TiNx (0< x<l) to which nitrogen composition changes from the above-mentioned 
base material toward the front face of a hard coating fihn as explained above - a base-material front face - Ti - it is a rich layer 

and the effect that the adhesion force with a base material improves is done so 

[0101] Since a hard coating fihn contains at least one sort of the mixed crystal of the mixed crystal of Ti, Ti, and Ti2N, Ti2N and 
Ti2N, and TiN, Ti2N with a high degree of hardness and a TiN mixolimnion are formed, and the 2nd term of a claim of this 
invention does so the effect that a degree of hardness can be made higher than the conventional TiN. 

[0102] Since a hard coating fihn contains the mixed crystal of TiC, the 3rd term of a claim of this invention does so the effect that 
a degree of hardness can be made higher than the conventional TiN. 

[0103] Since the ground layer on the front face of a base material is a Ti layer 1 micrometer or less, the 4th term of a claim of this 
invention does so the effect that the adhesion force with a hardening layer can be made very high because of high Ti layer of 

adhesion force. 

[0104] Since the 5th term of a claim of this invention prepared the surface-protection layer which consists of a TiN layer 1 
micrometer or less in the front face of a hard coating fihn, it protects long-term-deterioration plain-gauze cone Ti2N and a TiN 
mixolimnion by oxidation reaction etc., and does so the effect that the outstanding properties, such as a degree of hardness, last 
long. 

[0105] Since a hard coating film consists of material of the AIN system replaced by the metallic element chosen from the group 
which consists of aluminum, W, Cr, Zr, B, and Si instead of, WN system, a CrN system, a ZrN system, BN system, and a SiN 
system, the 6th term of a claim of this invention does so the effect that Ti is applicable similarly to the hard coating fihn replaced 
with other metals. [ Ti ] 

[0106] since the 7lii term of a claim of this invention is the hard coating fihn with which the base-material front face was coated 
and this hard coating fihn is TiCx (0< x<l) to which carbon composition changes from the above-mentioned base material toward 
the front face of a hard coating fihn ~ a base-material front face ~ Ti ~ it is a rich layer and the effect that the adhesion force with 
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a base material improves is done so 

[0107] Since a hard coating film contains at least one sort of the mixed crystal of Ti, Ti, and TiC, and TiC, a mixed-crystal layer 
with TiC with a high degree of hardness is formed, and the claim octavus term of this invention does so the effect that a degree of 
hardness can be made higher than the conventional TiN. 

[0108] Since the ground layer on the front face of a base material is a Ti layer 1 micrometer or less, the 9th term of a claim of this 
invention does so the effect that the adhesion force with a hardening layer can be made very high because of high Ti layer of 
adhesion force. 

[0109] Since the 10th term of a claim of this invention prepared the surface-protection layer which consists of a TiN layer 1 
micrometer or less in the front face of a hard coating film, it protects a mixed-crystal layer with the long-term-deterioration 
plain-gauze cone TiC by oxidation reaction etc., and does so the effect that the outstanding properties, such as a degree of 
hardness, last long. 

[0110] The vacuum tub by which the degree of vacuum predetermined in the 1 1 th term of a claim of this invention was held. The 
base material arranged in this vacuum tub, and the rolling mechanism turning around this base material. It is carried out face to 
face and prepared in the base-material temperature control mechanism which heats or cools the above-mentioned base material, 
and the vacuum evaporationo side of the above-mentioned base material. Since it had one source of a gas ion which dissociates or 
ionizes the gas containing at least one or more kinds of metallic elements, and the mixed gas of a nonmetallic element, and 
irradiates the above-mentioned base material, the effect that the vacuum evaporationo of the hard coating film which cannot 
exfoliate easily can be carried out is done so. Moreover, since a metal ion source is not used, the effect of it becoming unnecessary . 
to fill up a metallic material is done so. 

[0111] The vacuum tub by which the degree of vacuum predetermined in the 1 2th term of a claim of this invention was held. The 
base material arranged in this vacuum tub, and the rolling mechanism turning around this base material. The metal ion source 
which is'countered, carried out and prepared in the base-material temperature control mechanism which heats or cools the 
above-mentioned base material, and the vacuum evaporationo side of the above-mentioned base material, dissociates or ionizes 
the gas containing at least one or more kinds of metallic elements, and irradiates the above-mentioned base material. Since it had 
the source of a gas ion which is countered and established in the vacuum evaporationo side of the above-mentioned base material, 
dissociates or ionizes the mixed gas of a nonmetallic element, and irradiates the above-mentioned base material The KONN trawl 
of the crystal structure or the material composition can be freely carried out according to the interaction of a metal ion or a gas 
ion, and the effect that it also becomes possible to carry out the vacuum evaporationo of the material which is not obtained is done 
so in nature. 

[0112] No matter the 1 3th term of a claim of this invention may place the source of a gas ion, or a metal ion source downward 
what ], since the base material turned the vacuum evaporationo side upward, and has arranged it, and vacuum evaporationo is 
possible, it puts the base material of a large weight on the vacuum tub bottom, and does so the effect that it also becomes possible 
to irradiate ion and to form membranes downward, 

[0113] Since the base material carried out the vacuum evaporationo side sideways and has arranged it, in any sense, since vacuum 
evaporationo is possible, the 1 4th term of a claim of this invention puts the base material of a large weight on the side attachment 
wall of a vacuum tub for the source of a gas ion, or a metal ion source, and does so the effect that it also becomes possible to 
irradiate ion and to form membranes sideways. 

[0114] Since the 1 5th term of a claim of this invention performs vacuum evaporationo, moving the source of a gas ion, or a metal 
ion source, it does so the effect of becoming possible to perform uniform membrane formation, without rotating a base material. 
[01 15] The 16th term of a claim of this invention establishes the 1st bias means which carries out bias of the base material to 
predetermined voltage. Bias of the base material is carried out to ground potential or an electronegative potential by this 1st bias 
means. Since the 2nd bias means which carries out bias of the source of a gas ion to predetermined voltage is established and bias 
of the source of a gas ion is carried out to potential higher than the potential of the above-mentioned base material by this 2nd bias 
means The effect that acceleration energy of a gas ion can be enlarged and the vacuum evaporationo of the hard coating film 
which cannot exfoliate more easily can be carried out is done so. 

[0116] Since the 1 7th term of a claim of this invention carries out bias of the source of a gas ion to low potential from the 

potential of a base material by the 2nd bias means, it does so the effect that acceleration energy of a gas ion can be enlarged and 

the vacuum evaporationo of the hard coating fihn which cannot exfoliate more easily can be carried out. 

[0117] The 1 8th term of a claim of this invention establishes the 1 st bias means which carries out bias of the base material to 

predetermined voltage. Bias of the above-mentioned base material is carried out to ground potential or an electronegative 

potential by this 1st bias means. Since the 2nd bias means which carries out bias of the metal ion source to predetermined voltage 

is established and bias of the above-mentioned metal ion source is carried out by this 2nd bias means highly or lower than the 

potential of the above-mentioned base material The effect that the vacuum evaporationo of the hard coating film which cannot 

exfoliate more easily can be carried out by enlarging acceleration energy of a metal ion and a gas ion is done so. 

[0118] Since the 1 9th term of a claim of this invention establishes the 3rd bias means which carries out bias of the source of a gas 

ion to predetermined potential and carries out bias of the above-mentioned source of a gas ion by this 3rd bias means highly or 

lower than the potential of a base material, it does so the effect that the vacuum evaporationo of the hard coating film which 

cannot exfoliate more easily can be carried out by enlarging acceleration energy of a metal ion and a gas ion. 

[0119] The 20th term of a claim of this invention does so the effect that the vacuum evaporationo of the hard coating film which 

drives ion into a base-material front face, and cannot exfoUate easily can be carried out, even if the rate of a ripple does not use a 
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low power supply especially as a power supply which impresses bias voltage, since the 1st, the 2nd, and 3rd bias meanses are DC 
power supply which impress direct current voltage or the bias voltage by which half-wave rectification was carried out. 
[01 20] The 2 1 st term of a claim of this invention does so the effect that the vacuum evaporationo of the hard coating film with 
which ion is driven into a base-material front face, and it cannot exfoliate easily especially as a power supply which impresses 
bias voltage since voltage positive in the 2nd and 3rd bias meanses or negative is tiie AC power supply impressed by turns the 
shape of a step and in the shape of a sine wave even if the rate of a ripple does not use a low power supply can be carried out. 
[0121] Since the 22nd term of a claim of this invention heats a base material by irradiating the ion generated in the source of a gas 
ion on a base-material front face in the acceleration energy of the ion of about 50-10 keVs, and the amount of ion of about 
1 0- 1 000mA, it does so the effect that the heater which heats a base material becomes unnecessary. 

[0122] Since the 23rd term of a claim of this invention controls composition of a hard coating fihn by changing the rate of the 
metal or the metal ion accelerated and conveyed within the vacuum tub, and the gas ion of the nonmetallic element accelerated 
and conveyed, and irradiating these at a base material, composition of a hard-coating film can change continuously and **** does 
so the effect that the ablation under cutting cannot take place easily small. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. L1 the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the I>rawings] 

[Drawing 1] It is the outline cross section showing the vacuum evaporationo equipment of the hard coating fikn by the example 1 

of this invention. 

Prawing 2] It is the diagram showing the measurement result by the X diffraction of a titanium-nitride fihn according to the 
example 1 of this invention. 

[Drawing 3] It is drawing showing the composition ratio dependency of a titanium-nitride film degree of hardness according to 
the example 1 of this invention. 

[Drawing 41 It is the sectional side elevation showing the hard coating fihn by the example 2 of this invention. 

[Drawing 5] It is the sectional side elevation showing the hard coating film by the example 3 of this invention. 

[Drawing 6] It is the sectional side elevation showing the hard coating fihn by the example 4 of this invention. 

Prawing 7] It is the sectional side elevation showing the hard coating fihn by the example 5 of this invention. 

[Drawing 81 It is the sectional side elevation showing the hard coating fihn by the example 6 of this invention. 

[Drawing 91 It is the sectional side elevation showing the hard coating fihn by the example 7 of this invention. 

[Drawing 101 It is the sectional side elevation showing the hard coating fihn by the example 8 of this invention. 

[Drawing 111 It is the sectional side elevation showing the hard coating fihn by the example 9 of this invention. 

[Drawing 121 It is the sectional side elevation showing the hard coating fihn by the example 10 of this mvention. 

Prawing 131 It is the sectional side elevation showing the hard coating fihn by the example 1 1 of this mvention. 

[Drawing 141 It is the sectional side elevation showing the hard-coating fihn by the example 12 of this invention. 

Prawing 151 It is the sectional side elevation showing the hardloating film by the example 1 3 of this invention. 

Prawmg 161 It is the sectional side elevation showing the hard^oating fihn by the example 1 4 of this mvention. 

Prawing 171 It is the sectional side elevation showing the hara coating fihn by the example 1 5 of this invention. 

Prawing 181 It is the sectional side elevation showing the hard coating fihnjby the example 1 6 of this invention. 

Prawmg 191 It is the sectional side elevation showing the hard coating fihn/by the example 1 7 of this invention. 

Prawing 201 It is the sectional side elevation showing the hard coating fijm by the example 18 of this invention. 

Prawmg 211 It is the outline cross section showing the vacuum evaporimono equipment of the hard coatmg film by the example 

19 of this invention. 

Prawing 221 It is the outline cross section showing the vacuum evaporationo equipment of the hard coating film by the example 

20 of this invention. 

Prawing 231 It is the outline cross section showing the vacuum evaporationo equipment of the hard coatmg film by the example 

21 of this invention. 

Prawing 241 It is the diagram showing the wave of the bias voltage impressed according to the examples 19-22 of this mvention. 
Prawmg 251 It is the diagram showing the wave of the bias vohage impressed according to the examples 19-22 of this invention, 
Prawing 261 It is the diagram showing the wave of the bias vohage impressed according to the examples 1 9-22 of this invention. 
Prawing 271 It is the diagram showing the wave of the bias voltage impressed according to the examples 1 9-22 of this invention. 
Prawing 281 It is the diagram showmg the wave of the bias voltage impressed accordmg to the examples 1 9-22 of this invention. 
Prawing 291 It is the diagram showing the wave of the bias vohage impressed according to the examples 19-22 of this mvention. 
Prawmg 301 It is the diagram showing the wave of the bias voltage impressed according to the examples 19-22 of this invention. 

Prawing 311 It is the outlme cross section showing the vacuum evaporationo equipment of the hard coatmg fihn by the example 

22 of this invention. 

Prawing 321 It is the outline cross section showmg the vacuum evaporationo equipment of the conventional hard coating fihn. 
Prawing 331 It is the sectional side elevation showing the hard coating fihn by which vacuum evaporationo was carried out with 
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conventional vacuum evaporationo equipment, 
Pescription of Notations] 

1 Base Material, 2 Base-Material Electrode Holder, 3 Vacuum Tub, 4 Exhaust Air System, 5 Gas Feed System, Six evaporation 
sources, 7 DC power supply, 8 A titanium-nitride film, 9 Metal ion source, 10 16 The source of a gas ion, 1 1-14, 17 A hardening 
layer, 15 A ground layer, 18 A surface-protection layer, 20 The axis of rotation, 21 A heating means, 22 23 Cooling piping, 25 
An insulating means, 24 rotation drive system, 26, 27, 29 A power supply, 28 Gas feed system. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
deunages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation-may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the hard coating film which is a hard coating film with which the base-material front face was coated, and is 
characterized by this hard coating fihn being TiNx (0< x<l) to which nitrogen composition changes from the above-mentioned 
base material toward the front face of a hard coating film. 

[Claim 2] A hard coating film is a hard coating film given in the 1 st term of a claim characterized by including at least one sort of 
the mixed crystal of the mixed crystal of Ti, Ti, and Ti2N, Ti2N and Ti2N, and TiN. 

[Claim 3] the [ the 1 st term of a claim characterized by a hard coating fibn containing the mixed crystal of TiC, or ] ~ a hard 
coating film given in 2 terms 

[Claim 4] For the ground layer on the front face of a base material, the 1 st term of a claim characterized by being Ti layer 1 

micrometer or less or the 3rd term is the hard coating film of a publication either. 

[Claim 5] The hard coating film given in the 1st term of a claim characterized by preparing the surface-protection layer which 
consists of a TiN layer 1 micrometer or less in the front face of a hard coatiag film. 

[Claim 6] A hard coating film is a hard coating film given in the 1st term of a claim characterized by the bird clapper from the 
material of the AIN system replaced by the metallic element chosen from the group which consists of aluminum, W, Cr, Zr, B, and 
Si instead of, WN system, a CrN system, a ZrN system, BN system, and a SiN system. [ Ti ] 

[Claim 7] It is the hard coating film which is a hard coating film with which the base-material front face was coated, and is 
characterized by this hard coating film being TiCx (0< x<l) to which carbon composition changes from the above-mentioned 

base material toward the front face of a hard coating fihn. 

[Claim 8] A hard coating film is the mixed crystal of Ti, Ti, and TiC, and a hard coating film given in the 7th term of a claim 
characterized by including at least one sort of TiC. 

[Claim 9] the [ the 7th term of a claim characterized by the ground layer on the front face of a base material being a Ti layer 1 
micrometer or less, or ] - a hard coating fihn given in 8 terms 

[Claim 10] The 7th term of a claim characterized by preparing the surface-protection layer which consists of a TiN layer 1 
micrometer or less in the front face of a hard coating film, or the 9th term is the hard coating fihn of a publication either. 
[Claim 1 1] Vacuum evaporationo equipment of the hard coating film characterized by providing the following. The vacuum tub 
by which the predetermined degree of vacuum was held. The base material arranged in this vacuum tub. The rolling mechanism 
turning around this base material. One source of a gas ion which is countered, carried out and established in the base-material 
temperature control mechanism which heats or cools the above-mentioned base material, and the vacuum evaporationo side of the 
above-mentioned base material, dissociates or ionizes the gas containing at least one or more kinds of metallic elements, and the 
mixed gas of a nonmetallic element, and irradiates the above-mentioned base material. 

[Claim 1 2] Vacuum evaporationo equipment of the hard coating film characterized by providing the following. The vacuum tub 
by which Ihe predetermined degree of vacuum was held. The base material arranged in this vacuum tub. The rolling mechanism 
turning around this base material. The metal ion source which is countered, carried out and prepared in the base-material 
temperature-control mechanism which heats or cools the above-mentioned base material, and the vacuum evaporationo side of the 
above-mentioned base material, dissociates or ionizes the gas containing at least one or more kinds of metallic elements, and 
irradiates the above-mentioned base material, and the source of a gas ion which is countered and established in the 
vacuum-evaporationo side of the above-mentioned base material, dissociates or ionizes the mixed gas of a nonmetallic element, 
and irradiates the above-mentioned base material. 

[Claim 1 3] the [ the 1 1th term of a claim characterized by for the base material having turned the vacuum evaporationo side 

upward, and having arranged it, or ] — the vacuum evaporationo equipment of a hard coating film given in 12 terms 

[Claim 14] the [ the 1 1th term of a claim characterized by for the base material having ****ed the vacuum evaporationo side 

sideways, and having arranged it, or ] - the vacuum evaporationo equipment of a hard coating fihn given in 12 terms 

[Claim 1 5] the [ the 1 1th term of a claim characterized by performing vacuum evaporationo, moving the source of a gas ion, or a 

metal ion source or ] - the vacuum evaporationo equipment of a hard coating film given in 1 2 terms 

[Claim 1 6] Vacuum evaporationo equipment of the hard coating fihn given in the 1 1th term of a claim characterized by 

establishing the 1 st bias means which carries out bias of the base material to predetermined voltage, establishing the 2nd bias 

means which carries out bias of the base material to ground potential or an electronegative potential by this 1 st bias means, and 

carries out bias of the source of a gas ion to predetermined voltage, and carrying out bias of the source of a gas ion to potential 
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higher than the potential of the above-mentioned base material by this 2nd bias means. 

[Claim 17] Vacuum evaporationo equipment of the hard coating film given in the 16th term of a claim characterized by carrying 

out bias of the source of a gas ion to potential lower than the potential of a base material by the 2nd bias means. 
[Claim 18] Vacuum evaporationo equipment of the hard coating film given in the 12th term of a claim characterized by 
establishing the 1st bias means which carries out bias of the base material to predetermined voltage, establishing the 2nd bias 
means which carries out bias of the above-mentioned base material to ground potential or an electronegative potential by this 1st 
bias means, and carries out bias of the metal ion source to predetermined voltage, and carrying out bias of the above-mentioned 
metal ion source by this 2nd bias means highly or lower than the potential of the above-mentioned base material. 
[Claim 1 9] Vacuum evaporationo equipment of the hard coating fihn given in the 1 8th term of a claim characterized by 
establishing the 3rd bias means which carries out bias of the source of a gas ion to predetermined potential, and carrying out bias 
of the above-mentioned source of a gas ion by this 3rd bias means highly or lower tiian the potential of a base material 
[Claim 20] The 1st, the 2nd, and 3rd bias meanses are vacuum evaporationo equipment of the hard coating film given in the 19th 
term of a claim characterized by being the DC power supply which impress direct current voltage or the bias voltage by which 
half- wave rectification was carried out. 

[Claim 2 1 ] The 2nd and 3rd bias meanses are vacuum evaporationo equipment of the hard coating film given in the 1 9th term of a 
claim characterized by positive or riegative voltage being the AC power supply impressed by turns the shape of a step, and in the 
shape of a sine wave. 

[Claim 22] the [ the 11th term of a claim characterized by heating a base material by irradiating the ion generated in the source of 
a gas ion on a base-material fi-ont face in the acceleration energy of the ion about 50 - 10 keV, and the amount of ion of about 
10- 1000mA, or ] — the vacuum evaporationo equipment of a hard coating fihn given in 12 terms 

[Claim 23] The manufacture method of the hard coating fihn characterized by controlling composition of a hard coating film by 
changing the rate of the metal or metal ion accelerated and conveyed within the vacuum tub, and the gas ion of the nonmetallic 
element accelerated and conveyed, and irradiating these at a base material. 



[Translation done.] 
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- Hrj-T^^- >i?^KdtT i ©•re^DO fCA I . W. Cr> 
Z r. B&r/S i *»e.;^^»75»6S«nfc^«7c3iTS 
€r«X.&A 1 WN^. CrNJS. Z r NS^. BN 

30 ^ar^S i Nm«**|5f-d^6?a:S=b®T*-5, 

[0 0 11] c:«%?i®W*iRB7^(cfi5^^^fi. m 
^mm\zzi-7--< >ysnfcA-Ha-7^^ >^MTa& 

oT, Cl©A-Ha-5^^ ±I2»«*^&A— 
Hn— >i''0[©«Etcr6i*»oX^iSifflfl!tdtXlkTS 

T i Cx (0<x<l) -cr*-5o 
[0 0 12] C©5g§lCD0l^]Sm8JR{CfilSie5g«. A 

-Ha-5^-f >^miflT i . T i iT i Ci:©Sa» X 

l^T i C<D{>fS.< ii% iaS:-g-tr=b<0Ta&-5. 

[0 0 13] z.(Dmm<om^mm9m\z^^%mit. s 

40 «^®©Tft&S** 1 ti mSlTn T i «-Ci&5, 

[0 0 14] ::<Dmm<Dm^mmi 0JSfc«*fs?i«. 

A- HrJ-?-< >y|g©«ffiC 1 /xm£tT©T i NB*^ 
6 ;^ ^ ^ ® « ^ /I ^ ^ It © T? * -5 . 
[0 0 15] C©%§|©B»*JSmi l^{Cfii^%5g«, 

50 mj(.ii^:t>iti^x±^^itnzmmr^im<o:»7s^:t 
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> t & ti A % © T * -5 . 

[0 0 16] iico^?g©«*JS^i 2m\z^^^mit, 

{fc b T±3E«*J fC gglt-r S ;tf X 'T 5*- >S i S«S^& =6 ® 

[0 0 17] cro^^oa^^^i 3^»c«-5%ig«. 

[0 0 18] co^igo^^)Rmi 4JSi::«K*«5g«. 
S« S ^ illf S 2: «fRl # ir b T Eg b ;t t> (D T * ^ , 
[0 0 19] CO%^Oif««mi 5 3SJCfi5-5^§l«. 

[0 0 2 0] 6JRfC«KS%iq«. 

iCA-f 7X-r -5^2 ©A-f7X#aS:Rit. C:<0^2(D 
[0 0 2 1] C»«ig«)»*JRmi 7«fC«K^%^«. 

w,2<r>n-(T7.^mziiXi^7.^^>m^mm(Dm^2;i 

[0 0 2 2] C<D^^O»*J«Ml 8«tZ»?.^gg«. 

[0 0 2 3] ClC^^Oai^JHSl 9JSfC»S5S?gtt, 

X'1':+>iIg?&^5£omfi:lCA-f TXf'SSg 3 ©n-f 7 

x^S^KJt. C(r)m3(D/'^^TX^mz^*)±m:»7. 

[0 0 2 4] d 2 0 JStCfiE-5%gg«. 

mi. S2s.r5m3©yN*'f 7x#a«. m.mmBc.jnt^^ 
»s«EsnfcA''f 7x«jE?£9iin-r si[«R«s-Trs&a t> 

[0 0 2 5] c<D%m<r)mj^mm2 imiz^^9&mit, 
[0 0 2 6] c0)^m(Dm^mm2 2mizw>^%m\t. 
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m<0'f^>oiam3:^)i^^-t 1 o~ 1 0 0 omASft 
(D-f:t>&i:s*t^mizmkfr^ciiizi.i3, atjotn 

[0 0 2 7] c:(D^?g®ii*Jsm2 3m\zm^^mit. 

inii bTfilM$nfcl^^M7nm©:«/X-l* :*-><!: ©SiJ^* 
[0 0 2 8] 

10 [f^ffl] zL<D^m(Dm^m^imf3ii'^vm3m. mim 
fiKSaiKS<jtc^{tS*-5J:5tcbfc©T. smmm-cii 

T i C tO^ga^dtJ^jBS^nxViSCDT. tJjKOT i N 
:iK)\z<iK 

[0 0 2 9] z.(D^m<Dm^mm4m&zfm9m(zii\'^ 

20 Ttt. «««E©T%®<i:bTT i jlSKttfc©-r. # 

[0 0 3 0] z.<D^m(Dm^mm sm&zfm 1 omiz^ 

V>Ttt. Jg{b«0*ffi»«StbTT i NSSrKltfc© 

t:. efl:K*£;^fcJ:Dili^*<fcb^t- v»t i ,NtT i 

[0 0 3 1] COfg9i©a*JHm6JHC*ViTW. Ti 

30 T^r-So 

[0 0 3 2] :i<omm(Dm^mmi im\z^^^xi,t. 
X'r:^>*»*^«ffi^c^T^Ji^^rA- >ifm 
«je*!£-r^J;-5tcbfco-c. SJIBb{c< ^v^-K3-7=• 
[0 0 3 3] CW^WcO^^JSmi 2JSfc:feV»T«. 4k 

40 [0 0 3 4] Cl©5e??©^*JSmi 3«C*V»T«. 

X'f^>mxit^m'f^>m^iz<D^'^r3:Tm^\zm\'^ 

«cDTffllCBV»T. T|pI^tC'1':t>SrSgltbTJ5KK-r-5 
[0 0 3 5] e:®%ig<DW*JSmi 4^C*3t>T«. ^ 

X -f ^asxta^js-f ^ >ai £ i: o J; ^ ^ ev» T 
©fflJsicBViT. ^iRj^icr^i-^^saitbT/sig-rsc 

50 [0 0 3 6] Cl©^?l©ai*^mi 5JRC*3VJT«. ^ 
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(0 0 3 7] e:©^?gcD|»*JS^i 6iRic*3ViT«. :tJ 

[0 0 3 8] 7JRlC:feViT«. 
3h> X-f :t >2g7S^ 6.»^f b/S:d« 

[0 0 3 9] C:®S!?g®if*JS^l 8JSS.I^^1 9JSIC 

[0 0 4 0] z.(Dmm(Dm^mf^ 2 0 m&zfm 2 imtz 

*I/»T«. y"?'f 7X«JE*E|Jlni-r5«jS<i:lxTi|$fc:'J 

■5. 

[0 0 4 11 C©»?)i®^««^2 2JS{C*Ir»T«. S 

« ® saisi ;9 X :f > * u -r ^ > & Silt-r -5 d 

[0 0 4 2] r©%K®a*]K^2 SJSC^tiTtt. ^ 
[0 0 4 3] 

mmmi. mat. c<D^m<o^mmi\z^^/\—\izj 

*I/»T. Qti^M-f :*->i!l. 1 0«;tfX'r^>®T* 

m^J^4iz^r)m^l'tz'^. :^X#AJ^5 lc^oT:tfX 

>^X. 7>^:X7^X^©lg3S7C3R*fc«^3R7C3RS 

■g-tfl^^]S7C^»;ifXS:^AL'T. ;^X.'r:^>ag 1 0 S 
^jS^-e-^o ;)!/X-1*:t>jli l 0-C«. tkM^Oi^ :t >^t 
^WciZ^*}^7.^^:t>'(tii^U^m\^X. »«HC^ 

[0 0 4 4] dOt^. ««1 C5S«-r-5^3S>!fX'f:t 
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^'>J^®K*afi£S:. 0iJA«. T i *»6)T i i 2N® 
SS. T i iT i aN«S«A^&T i ,N, T i .N**^ 
T i 2NtT i N^jga. T i ^NtT i NOSa*»5T 

^^^;tfX'r:^->i^M-r:t>»it (T i /N) SI, 
3*»S3 8'N^A.T}g^bfc<i:#©^'fb?-i'>JS©jea 

m^mtT i ©ag«fij-&;{iti8snrsiconT. t i n> 

T i N + T i 2N>T i jN'sigg^b UTV^-S d tdtt)*^ 
[0 0 4 5] S3«, ^<t'f-^>mWiSl(r>m.^fi. (N/ 

Ti) ft#tts^ufct)®-cab*. r.n®a-5<»:, s-ft 

?^>®i^Sft«. ffifiKtfc (X = N/Ti) dtltSOT-S 
i^^Cltanb. X*i0. 7~0. 8#jfi-r'a:*:®«a[<fc?S: 
■pT^^-S. C®<i:^®ietttt«. TiNtTirN®® 
«t/ibTV»;5. ^F&ICfflfiKtt (X = N/Ti) itfimUa 

[0 0 4 6] Sfc. ::®i^®S'ft9^^'>;S®]^®6-& 
ViSr^-Si:. T i U 5/f^® fe®«ffife. TiNtTi, 
N®jga<t;5:oTV»«»t>®«^fe*<!6»o*:«fi. T i N 

^^<£JgA$-e--5<i:C«<fiJcX'fkf 

-5:3&ffiTr«, «®®fePSSffiK:3E^-5cii:=bWinr» 
30 -:^r. ««iS'ft9^^'>m®JKt®#^*f4. Ti 

[0 0 4 7] mmm2. M4 0o«** i±frjgriE*nfc 

SJilSflfig (X: 0<X<1) i)mit-r^^<t^^> (T 

iNx) js®«-fbll 1 1 &Kttfct>®-ca&«.. 0HC^ 
bfcil««SfC*3I.JT. K^«3l*l*Pfia^4l::J;»3gf 

7;!/Xf|5®Se3S7C3RSr-g^tr:!{fX*giAbT. ;tfX'f:*-> 
ill 0 S^iil^-B-. S« UC^Itt- S^^'f^>SSr^ 
>!?JciS^bTt/^<, :»X'l:i-yii^m,'i-t>\,t. ««i 

>m<DmM^^. T i d»e>T i i zNWjga. Ti 
tT i ,N®igaA»6.T i T i 2N;5i^T 1 jNtT 
i N®Sa. T i sNiT i N®®aJi^ST i N^vtjg 
50 iB8WCaS>L-5C<!:**T*-5. 
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[0 0 4 8] :L(D^^iZU0S.*mmmzT iii^^T i t 
T i 2N®Jga. T i iT i 2NCDjgffi;5»^T i T 
i zN*»5T i jNiT i NOJga. TizNiTiNW 

[0 0 4 9] *«fi0ii3. m5m(Dmui±tzm0i.^nft 
^^safiE (X: o.5<x<i) iimitr^^^\:^isr> 

(TiNx) «0«fl2«l 2*Klt;tt)©T*-5. CO 

^^izti&^AmmmzT \ jN*»^t i ,NtT i Nojg 

Av T i zNtT i NO?iad»e.T i N'NiS^jjfliJdt 

[0 0 5 0] SIJfi«S|4. ^6BI©S«l±{CJgfiE$nfc 
^eic*HT. }I^B3rt*fif^«4fcJ:i3»^bfc 

oT;^^-^ 1 0 \z^m^7.m<D^m7tm^^ttiJ 

izmm-<:t>m,^m^izm^l'X^^<. iiX-C:t>i:^ 

[0 0 5 1] c:©<i:^. s^i\zm^-r^^i$'>^^> 
tzM-t^iJ7.^:t>(Dit^mmti-^^z.tx. m0S.^n 

^^it^:f>m<omUf!L^. T i d»e)T i .hT UNt 
T i C©Sft. T i tT 1 ,NtT i C©iga*»ST i , 
NtT i C. T i zNtT i C*^^T 1 zNtT i NiT 
iCOJga. T i .NtT i NtT i C©Jlffi;i»eT i 
NtT i C^tiSttMl'^^L^CltdtTr^*. ^fc. C 
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mmiS.fR (X : 0<X<1) *«Xfl;r5Mfl:5^:^> (T 

iCx) ^^os-fbM 1 4 S:^itfct)©'ra&'5. 0 1 1;:^ 
Ufc^«^SlC:feViT. M^ii%3iHiW».^4\zi^r)^ 

>tm^i 1 ±\zm0!c.tn^, cwt^. S** 1 l::,^,W•r 
i tT i CWiift, T i tT i C®jgffiA»ST I C^t 

[0 0 5 3] dOi^cm^Kd^iSi^WtCT i *»e)T 1 i 
20 T i C©)gft. T i <tT i COjlSA^e-T i C^t^M 

®-C«T i 'J y'^O^miifSi'Z'Xl^^^OXSUtOim^tl 

$nTV»S©T?. ISesfeOT i NJ;08!a[*B<f set 

«j6fs«Efflbfcfcie)T i N?h<Dmm^r)mmmzsnx 

(0 0 5 4] *S(g0i|6. ^8BI©««l±JC}gfi£$n& 

X. Cloa-fbSl 6 tt. Ti,N, TizNtTiNOS 

A. T i N*fe«T i C<D^'^'rnA^<Dm/)^?>r3i^—Sm 

m<D/\—]i=i—y^^>^mx$>^. mi\z^\^rzmmm 
m^i^x^m^mi^-r^c ^loi^i-bTi wmgs© 

T i B*»e>?S^T%B 1 5 2:fl5fi£bT*^&. :k\z. :fJX 
«A;^5lCJ;oT:tfX'r:t>Ml 0 X'T :t >^ 

40 fc«7'>^=7;<f>^fP©^J!i7C3ll&^tr:!!/X*»AUT 

:tfx'f 5f>agi 0 s«i {ts^'1•3^>*aa 

T. T i NWS'fkJi 1 6^^«*^ l±lC}gJ5ESn-5. CI© 
ffifbB 1 6©)iafiES. T i zNSfcfJT 1 zNiT i N© 

jga*fc«T i Nic-r-sctd^-c^rs. 

[0 0 5 5] *iSfi«l97. S9H©S*J 1 JilCJg^^nfc 

A— H3-5^^' >i''Jg«. 1 It m^T^T I mt^i^fS.^ 
50 TS6@ 1 5 <»:. mit^^f-iSf >m<DW^tm 1 7 ^Kltfc 
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C®Sffi, T i jNtT i NiT i C©Sft, T i Nt 

5^^^ xo-r 1 ic sal* UTfiKig^M 

iisi 0 &^<i$-a-. s«i ic^^-r 

UT. T i NtT i CrojlffiOffifkgl 7*?^** lit 

■5^-fkg^:S'>?^©®'fbS 1 7 WSafiESr. T i ^NtT i 
C©Jga^fc«T i ,N<i:T i NtT i C(Dm^^tc\t 
T i NtT i COSStcr-SCiiOitTrS-S, et±©J:'5 

[0 0 5 6] nmrns. mi O0(o£«ri±ic^^$n 
■5. Hifcisufcii^fiajc^viT. M^mzp^^mm. 

J;5lCbTl um8ft©T i S*^6?S:-5TflSS 1 SSJg 

1 o\z^m-»7.^tz.vt7y'^=.Tn7.m<Ji^n7tm^^ 

*>t^«-f:r>«. »«1 ±TrS;>6L.T. S'fkf^^'> 
^^oi^-ftJli idts«i±{c0^iE$ns, » 

T i *»e)T i i zN<»jga. T i i jN® 
jia*^e.T i jN. T i 2NA>e.T 1 ^NtT i NWJg 
a. T i zNiT i N®jga;!ii6T i N'viiaj^fitUC^ 40 

CO 0 5 7] SIJfi0iJ9. mi 1 0®S«l±{C}e^^?n 

•sTifiBi 5t. s«i/»»e.MSS{cr6i;i^-3T^^safiE 

*l5!ffl$'&. ^^'>®-f:i->&S«l{C8gWbTl«JK^£ 
KteT-S. ClWi^tCUTl MmSaeWT i e;iV»=>«:-6 
T«6ei 5*}gfiS:UT*»e.. ;t/x#A*5»c:J;-3 50 
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x:»7.'i:t>mi Q\z^m'»7.^<D^m7tm^^tsi]7. 

:^>JS1 OSIS«$-a-. a** 1 JcRg«-r-5S3R'f:t>i 
-f^yit. ««l±T?R>&bT. ^^tM<t5^^ > 1 3 

»«i±ic}gjs$.n-5, s«iicsai*i-s5^ 

tT i sNtT i CWjga, T i iT i ^NiT i C©S 
ftd^&T i ,NtT i C. T i jNiT i Cd^ST i sN 
iT i NiT i CnMMb. T i ^NtT i NiT i CW 
)ga*^6T i N<fcT i C-vt^j^fitHz^A^CidiT^ 

tnz^m:^7.^<o^m7cm^'^tt^7. iimm^7,m<Dm 
m7vm^'^tii}7.^mA-r^^^\zrrni. m'po^m 
m^t^mt&^(nitmt:niL\zum-c^^o 
[0 0 5 8] mmmi 0. mi 2m<D&iiii±izmss.-s 

fi^Tmmi St. s«i A^sMSffici^A^oTK^a 

01 JC^bfc^^^SJC^feV^T. K^WSP^SS^ 
ia;3g4C±»3S^Sbfc«. ^S^:t>jli 9 
5=-^>0'r:t>&S«l tCRSftUT^MSrPgteT^. C 
©ii^fCbTl Mm@ft©T i mA-'<bfSi^Tt&mi 5^ 
JKfi£bT?J^e.. ;!!;x«A3^5CJ;oT;)ffJ^'f:i-> 

Ml o\z^s^i37.^<D^m7cm^'^tt:f}7.^mxi'X. 

^b^^^'^^roMia^S, T iTJxST i tT i COjgft. 
T i <tT i COJia*»ST i C'v^MIKMC^^S d t 
*<Tlr-5. £Jl±0.i;5ICbTfl^fi£bfcA-H3-7^'r > 

[0 0 5 9] SlifiM 11. m 1 3 1 ±{Cfl^fi£$ 

n*:A-H3-5^-< ^'i'lKtt, 1 umSiTdT i NJi*» 

e./s:^sisffis@i 8 <h. m^iiA^^m^mizM^^x 
rt£SfSts%4icit)Sfabfc«. ^Si-^t^sgsfssa 

«AJS5JcJ;-=.T;tfxi-:t>Ml 0\z^m:fJ7,^ttit7 
>^r:7;tfXl¥«>S^7c^<fe^tr;tfX&«AbT:#X'f 
::t>ail 0 S«l CR8#tt--5Sl3S'f:i->fi 
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i aNtOjga. T i 1 ,N(©iia*»5T 1 ,N, T 1 , 
N*»eT i ,NtT i NWjga. T i ^NiT i NtOSS 

[0 0 6 0] SIMM 12. » 1 4 |gcD«^^ 1 ±tCJ^*iE$ 
tlfcA- Ha-7^-f ^i'MJ*. 1 Mm£tT«T i N^*^ 

® 1 3*KltAcfc<73T3&So 0 1 {r^bfci^afgSlC* 

9 9-i^><o-f^>im*ti\zmftt'r 

■5, ;^X#AIS5»cJ:-pT:;?fX'f :t>!® 1 0 icS 

^£^tr;yx$SAbT;tfX-f :t>i!Sl 0 S^ia^-fr. S 20 

iKsfflfiK*. T i 7>>e)T i tT UNtT 1 C©jgffi. T 
i i jNtT i C©jgft;f5»e.T i jNiT i Cv Ti 
,NtT i CtJ^ST i ,NtT i NtT i COjga. T i 
^Ni:T I NtT i C«gft*»5T i NtT 1 C^^ta 

mm\zm^^^t*^'r^^. :iK.tz, m^mzmitfr^'^ 30 

^' >'f ^ > ICifT 'f :t > © tt S K f 

SCtT. 1 «mSae®T i N®A^&ift?)^SfiiSS 1 

8 ^Jg^f^), 

c 0 0 6 1 ] mmm is. mis aws;^^ 1 ±tzm^:^ 

nfcA- Kn— >yjK«. 1 itm«T®T i N®;i» 
e;fe««ffi»«Sl 8i. S)Wl*»5lK«ffi»C|pI*^^T 

rt4fi^fi»4C<i;0Sffi;b/tm. ^Jiii':i->jji9 

^E-e-. 5^^'>©'f:^>?£S«l tC|g«-r-5. JJCC. 40 
SAJ^S lcJ;oT:^X'r^>aS 1 0 »c^3ll:)!/y5.#(D^3!l 

<. ;)tfX'f :i->i:^JB5-f3r>«. StJliTSiSbT^ 

Ykg^^v^ts^iitcjefiK^n-a. cwt^. s«iic 

*»&T i 1 COSa, T 1 tT 1 C®Sffid>&T i 
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af® 1 8 ^mmt^. 

CO 0 6 2] £A±©<fcplcUTJgfiEb;tA-H3-7"^' 

nmm^mm t lt i w msiT® t i ns ssjtfco 
mits.f^mizj:*)m^^it{y^-r^^T i ,NtT i 

*^^^feTa5^*^ K^^?gA$-e-S<i:5S^5^*i;»^ofc^ 

6. ^3!is?iA$-B--5tc:«<fetcx-fb$-a--5irid^T 

[0 0 6 3] HiSMl 4.^1 6m<DM^l±izm^^ 
nfc/\- h*3— >i^^«> 1 Mmfi^TWT i g;S»e. 
;5:-5Tfl6e 1 5 1 xtmfitTcOT i NSd^6.;ft-5Sffi 
«SIB1 St. gg^bSl 6t3i>SiftD. dWH-ftHie 
a. T i zN, T i zNtT i NOjlS. T i N*Xt«T 

^«^SC:fel>T, K^^«3F«g4S^^;^4{Cj;lpS^^U 

ifeM-f:*->ai9*g!fi»s-e-, g^^^xzj-r^i'SX 

*ri lcS.|^L-Tfi£K'£l8te-rs. CWJ;5(cbT 1 wm 
mSl&rF<DT i @A>e>?a:-5Tfl6Jl 1 5 ^JgJ5£bTy4>^. 
^A\z. iJ:^mxJR5\zJ:-oT^7s^:t>mi Oiz^m:a 

bT;yX-f :t>Jtil O^^fla^-li-, S«l lC^^-l':f> 
iSbTT I NWSg-ftBl 6d«»«l-htC}gJ«*tl-5. d 

©ffi-fbei 6©*afi£S:T i ^N^fcttT i ^NiT i NW 

S«*fc«T I Nic-rsj:i:**-r#-5. j*:ic. s«i c 

mm-r^'^^>^^>\zn-r^^^m:^7,^^><Dit^\i 

^^E»aiB 1 8 &}gfi£-rs. 
[0 0 6 4] ^mm 15. s 1 7 iaw»« i ±\zm^ts 

nfcA— Kzi-5=-'i'>yK«. 1 umg-lTWT i SA^e. 
/a-STiteB 1 5 1 i/m£4T<0T i N)l;5>e,75:S^ci 

tt. T i ,Ni:T i C©Sft, T i iNtT i NiT i C 

©/ga. T i NtT i com^tDi^-^-fnA^o^m^^nrc 

0 1 (C^bfclSi51f^S{C*3V^T. K^1t3 
(^S:g^m;&4lCi;0P^bfca. ^M-f ^>i® 9 ^^fiB 
^^^>©'r:r>S»«l CSg#tbT^jK*H!J&T 
So d(0i;5Jc:bT 1 «mSS©T i @*»^ift-5T%® 
1 5 SjgfiKbTd^e.. ;</X«A?^5»rJ;oT:^/X 

jtfxtf ®MIS7c3S&^tf^/X«»AbT:tfX'f 3^>SS 1 

OS:^®^-*. S«l C^^1'^>i^3S'r:*->*Sg#t 
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T. T i NiT i c©iifl®s<kei 7*<a«i±fcjg 

®Sa*it«T i jNiT i NtT i COjgaSfc«T 

IC ^ ^ 5=- ^ > -f :t > t ^ X -f :^ > » Jt S 

S(^^U<f SdtT. 1 AimSftetTWT i NBd^e. 
;5:-S^S«SIJl 1 8 SJ^fiKT-S. 

[0 0 6 5] 16. % 1 8 m(D&*t 1 ±(C^^$ 

tlfc/N- h'n-7=-W >^'IK«. 1 Mme4T®T i 

umm 1 8 s« 1 35»&jK«®ic:(S]*^-pT^^mfiK** 

^{bf •5^{k?'^' >JS®g!<kH 1 1 *i2Jt& 

:$'>©'f:t>*««l t9gitUTl$lfg&iBJ&-r^. d© 
idlcUTl ^imSftWT i S*»e?a:«>T*B 1 5 

tyi}x&mK\yT:f3x^^>mi o'&wm^^. ««i 

:t><fc^S'f ^>«. l±TEJ&bT^<b5^^'>.^ 
©«<bill l*tSi»l±C}g*£$n-5. il©<i:^. S« 

S:. T i *i6T i iT i jNWgffi. T i i zNWil 
ft*^&TizN. T i 2Nd»&T i ,N<»:T i N©)ia. 
T i iNtT i NWSffld^ST i N'Ntai^WtcX^LS 

[0 0 6 6] Ili6£0!ll 7.01 9 1 ±lCJBfi!J$ 

nfc/\-Fa— 5=--<>^m«> 1 Mm£tT«T i 
ft-5)T«fie 1 5 1 /im£AT«T i N@*^6.;^-S^® 
««Sl8<i:. »*M*»6.e[«ffilC(Pl*^oTlg*sai£i 

;i!;x-f :t>ilSi 0 c^^;«/:^^©Si^7c3ii&^tr:tfxt 
m.1 o^nm^-^. mit^wz^m-i^yh^m-i^y^ 

UTT i NtT i C©gffi©«!-fkei 7*«S*f l±lc}g 
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^'fb9^37>*C0ffi'(bM 1 7«)afiE5&. TijNtTiC 
®®a*fc«T i sNiT i NtT i C©Sa*fcttT 

i N<tT i C©/gatC-r-5C<«:dtT€--5, ^*:{CS« 1 tc 

[0 0 6 7] IIS60iJl 8.^2 0 1 ±Cfl^fi£^ 

tlifcA-Hn— T^'-Oi'lga. 1 MmJJAT©T i Hd^^ 
75:-5T«fiJl 1 5 <i:. 1 Mm£tT»T i NS*^ e?S:-5*B 

ikA\z^y)m%\^tcm. ^jsi'r:t>ag9 s^ia^-fr. 5" 

a:5JcbT 1 wmg^coT i e*^e.;f5:-5TSfe® 1 5 

1 0 lcM^;!/X^«^^7C^S^tr;tfX?£#AbT. ;i5f 
X-f:i->ilgl S«lJc9g«T4^3S'f5i- 

20 «. s«i±-cRi&bT. mt9-^>i)mmi±.\zm^ 

'fl:5^^'>lScDKiffl.fi£«-. T i 3i»e.T i i:T i C©Jgl,. 
T i tT i C©jga;5>6.T i C'N<i:igl^WlC^;^.-5Ci: 

j&tT€r-5. a«iiciii«f «5^:^'>'f*>K^^■r 
CO 0 6 8] £t±®A-H3-7^vf >ifJRCJ;tl«v S 
30 fl;g^^'>JS®®'fbli©T%<i:bT 1 um«T®T i @ 
<!:> ®<bS»^ffi«^g<i:bTl MmetTcOT i NSS: 
KttfcWT. »«tffi{bSi:©S«:'jS^«CS5<. * 

m.&^m^m\zm\i-^^it(r>-T:nm.f)^'h^<m 

(Ti) 5c*®f^*J»3tC. T^US-i^^A (Al) . 

if7.7-> (W) . i70A (Cr) . >';i/3r:>i7A (Z 
r) . tS^sH (B) . ->UZI> (S i) W^JStc^TB 

Sflse^^wnz^^^AJS, S<b»'5iS*=bb<«S<b5^'j3 

< <!:t)Z:a«a±®^<b7;i'S:::':7A*. ^^b;S'>i^X 

ISJRt) b < ttS<bi^ U n >3^©«»©S'&!t!!J*» A 

[0 0 6 9] 04~®2 0©S^b5^^'>*®A- 

Hn-7=•^ >i''M»C<5V»T> (N) 7tm<r>i^t>^ 

\z. mtmitm (o t>b<«, m^jtm (o -cs^ai 
50 ^T. mit%iy<\tmt^i'>fh. SJ<b'bb<«^ft:7 
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b < «^'fkv;u3 - js. mith b < itmti^'im 
m b < «S{k L < tt^-ft u 3 >m©*f ^ 2, 

Sfl2t)b<«^'ft:5^^'>^. Wtibhly<itm.it7)U^=. 

fieift^'DA;^. s?^fcfcb<«^<kv';un-->A^. m 
{b t) b < «^{k is p IS 1^ ^ b < «g?fb b < «Mfb -> 'J 

bXfeiVi. 10 

[0 0 7 0] ussfftj 19. ^2 1 cro^^gw^isw 
1 9 ICJ;^)A- Hi3-5"-f >^mS3fiSSTafe-5ji«g 

2 ©(HitelS. 2 1 «S*J 1 c^)Jn^#a. 2 2 

JE*Bllin-r4«S-C*-5. 20 
CO 0 7 11 S-riia«3i*}SSf^«4k:J:t3»^b& 

2 Wiateltt2 0 *|5I^g^-t^■T«*f 1*5J;IX**J71n;U 

y- 2 a« 1 wiinj»#a 2 1 
tcto. »^^i«E^£^fiijai»-r^ci:-^. mm^<nM. 

«±#«:Kr</5:©?&3iB^2 2{C)^ai*. J^ai;^;^, ?lS 
^t:Sig^&SKbTa« 1 S?&«f ^ d t 'fe^ilT*^, 
:k\z. ;</X»A*5lzJ:oT:«fX'f:^->Sl 0 t'>;5:< 
tt) lS!ll£;±Wf^^> (Ti) . 7';V5r:'>A (A 
I) . ^>if7.'T> (W) . \^^m (B) . ->'J3> 30 
(Si) ^©^jlTC^^^-g-tr;*/;^. M^tiT i C U. 
A 1 C 1 3. S i H,. WFe;)tf;^i. iJ^'i^ < t 1 SSI 
K±«Slg:)!/X, ®?^;*/Xfeb<«^fb*^JSO;tfX. 

feb<«Slil (N) 7C^. S!^ (O) 7C^t)b<«Mljl 

(C) 7c3gS-g-trM^;yxs«AbT. ;</:^'f :t>jtgi 
os»flB$-a-«). ;!!/:^-f :i->aii otrw. 

>'fb^l9:(c«t 0:*f::^<£'r:^>'fb*3it^i)-»?bT. i 

^IStcJR'T ^>&S8W-r«. cot*, n-f TJX^JES 40 
Wm-r^mM2 7\ZJ:K). Jt^M 3d^eiS6S:#S2 StC 

7;^«Jl!£9ilnT*i. ;<f::^-f:t>$$efcinabTS 
[0 0 7 2] ^m7cm^:t>. ^^zfm.m7cm. mmyt 

n^, s«i^j;t/s«*;u^'-*8«itt. «e» 
^a2 3(w<t»jm^wtc:jeft$nTti^<D-c. ^2126 
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bT««HC8g»ffiA-r5Ci*tpIffit;ia:«>. C 
[0 0 7 3] fil±ift58bfci5fc. c:«)^ig{cJ:0. itf 

«JBfi 0 55^«-C«#e.n?5:Viii!^St) b < «iS5S!«®A 

:»7.(Dmmid^zj^m^it^m^^^t\z^K)m^m 

(0 0 7 4] *Jfi«>lJ2 0. 02 2«, CO^igtOSIJfifiSI 
2 0 Ci^A- Hn-T"^' >i^^<^)^«^S^S^T«ff5S 

*-rsc$«3rtS:Sf«t^4»cJ;0SN^bfe«, 

^-t8«©I5IKKSfj*2 4C±t3»*Ji}^;i/^-2«lHlfe 
Sft2 0 S(1II£S^3•TX^^ 1 *5j;tXg«J}x;wy-2 ^UliE 

s-a-s. ci©i*. S«irosni^^a2 i{ci;0««i 

(0 0 7 51 'A\Z. ;)!fX»A3S5lcJ;oT;yX'rs(->Ji 
1 0tc^;S:<tfclSli£il±OS3S:<fX. »|g:«fxfeb 
<«^'fb7K3SlR©;yx. t)b<«^^ (N) 7clg. g?^ 
(O) Ttm^l'Kitm.M (C) 7C3g*^tJjg-&>tfXi£» 

AbT. ;!!f>^'f:t>2iil o*S5ffl$ii-s. iJ:!^^^>m 
io-r«. WLnm<n'i^>it^mz^*)i37.^-(:t>it 

^^xs^mvx. m^wz^mytm. e^7n^*)b<« 

R)fti-r «>sai2 7tca:o. ;eE^«r3*»&iffift#S2 5K: 

J:oTm^WICjeS*nTl.^-5;tfX-f ^>ill2 5 iCA-f 

« HC SSIt T a C t *t T # ^ , 
[0 0 7 61 -:«r, ;)!f;;^giX?S5CJ;-pT;itfX'f:*->SS 
6{CiJ>;^<i:felS3i£t±W^^> (T i ) . TJUSr: 
(Al) , ^>ff:^=r> (W) . (B) . -> 

>j3> (Si) «?©^®7C3g'£-g-tf:«x. fi^^ar i C 

U. A 1 C 1 3. S i H^. WF«:!5f:^S«AbT. 
^W) 6-C«. &^#©'f:^Wb^afCj;0:«X*'f:*- 

>-fb*J:tJt^J-«bT, »«ik:5^^'>. 7)\,^::.^h,. 

3S9t-rs. d(Oi#. A'l'TXmBE?£EPlO-r-5«i®2 9 
iCiD. *^^i3*»&*eS#@:2 5tC±oTm^«{C«6 

ft^FnTVi-5;«f x-f 6 icA-f SrRiiin-rs 
[0 0 7 7] ^M7C3S'f:*->. mixs^mjtm. m^Tt 
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>a(Dffisfpffl i 0 isa-i«jg^*?f6fm*£ ^ s c s * 
[0 0 7 8] £t±»*igfis|-ej^fi£$n-5A-Hn— T-'f 

[0 0 7 9] SISfifi»il2 1. 0 2 3«. C©!^^«||SfiM 30 

»*J*;i'^'-«fl}©laltejB»^2 4{cJ;D-fcI^^ 
OS^^*:;i/:5'-2©llHEli2 0 2rlllK$-ti-T^«ffidJ± 

ffersct-*'. if3»4'®fi«±#si»<*fc*?&aiES2 

[0 0 8 0] ifcJC. ;tfX#A*5 CioT^;:^'r:t>S: 40 

otc'>;S:<<kt>iSlli«±ro^liiy/;^. m.mii7.%\^< 
tt^'fbzK^McD;^;^. t)U<«^Jil (N) tcjSI, 
(O) 7clllt>U<«^m (C) 7c**#trig-&:)E;y^SS 
AUT. ;<fX'f 0&l8«S-a--5, Tl6lS©:ffX 

<:t>ailOT«. »m^«1':*->'fb^aiCJ:D;jtfX* 
-f :i-WbliJ:t^i)-«UT. ««1ICS*7C^. KlgTC^ 

a2 5 CJ;oTm^WtCie»$nT<.i-5:«f;^'f 50 
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ji u TS« 1 tc SBStf s ;i t # . 

[0 0 8 1] J^X^A^S tCioT'f >STl^iI 

?5:< tt> ia««±©5^^'> (Ti) > 7;i^5r:>?A 
(A 1) . 9>^7.7-> (W) , (B) . ->U3 

> (s i) m<n^mit%^^ti^7.. mx.\tT i c 

1 A I C 1 3. S i H«, WF6;tfXSr«AUT. 
^MVX. m^l\Z^^>, 7)US.=.^A. if 7.7- 

cwtir. AW 7xmflE?£fflio-r^«ai2 9 tcio. 

sit 3*»&*6S#g2 5{CJ;oT««e<HCie»$nTL> 

:t > * ^ e. JC JD jS U TS$^ 1 tC SBI* T ^ C i T # -5 . 

1 ;fe.fclX»«iJ^;i'^-t!8<#«. ji6»^a2 3twJ:0 
[0 0 8 2] £t±iftigUifcJ;?tc, c:©»gg-c«. ^JS 

X^«©TiB!lt)U<«eifi!lC*5V>T, Tl«il€rfeb<«« 

S*^^lHie$-ti-;5:<Tt):tfX'f :t>M®^^fJ$-B■ 
^.c:<^:^CJ:0. S«®GflcaB5^SEH{cfe^«*^oJIBi 
;S:-5. -hSSJIJfiWlC*5V»T. fiSE 2 6 ® A'f 7:^SJE& 
0. -rTSrtD-^S^^ l:feJ;tXS«3t:juy-2S:T-X«f4 
fCfi^^T. «j!g2 7 1CJ;0;</X'f:t>itil OCUEtDA-f 

[0 0 8 3] *fc±ia*Sfi«»JfC*3^»Tv «ilg2 6lcj;0 

1 * 2 fc^® A-f 7;^«flE*fflDo 

•r*-:35r. ms2 7K:J:0;tf;s^-f*>®i os:7->^r 

*fc«IEa)A-r7XmJES:EnirabTS«l C;tfX 

«l<D^s^;:rJ■&ii^•c (aAur) A-Hn-T--f> 
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tBjS t> b < tt^aiTclll «^tr;)!f ;^ ©««ia t 'f :t > S BB 

9tCJ:Di!>;S:<t'biafSiJl±©5^^> (T i ) , TJU 
S.=.^A (Al) . ^>if7.7-> (W) , Ht5^ 10 
(B) . ->UZJ> (S i) #W^ii7C^S-^tr;<?XO«f 

CO 0 8 4] *fc±iaSliSCaj»C:feViT, ?iag2 6«)A*'r 

X®«l8iat'f :t>S^ltf 1 0 »C^<D 

A'TTXSBE&HlllOUT*** 1 C;«X7C3!I© ft 
J:t/«^?£S53tf -St^JC. mJ12 9 Ciip'>;ft< it) 
iaS«-h®5^^'> (Ti) . 7)lS.:z'yj^ (Al) . 
^>if7.'r> (W) . (B) . v'Uzi> (S i) 

X TcSKOiE-i' :t > * asst b /i** e. *!£jK-rn«. . -r ;j- > s 

mi<L-c$>^rctf). &^Tt^)Ui$^-2. ^<^iHi«£^g:*5itx 
'f :t > tiES^S-r * -5 j!f X -r * irxm^ 

CO 0 8 5) ^rz±m^mm\z^i>^x. «ag2 ew/Nw 

A'f 7xm)E!£eninL.T»*^ 1 \z:^7.7cm(r)iE^^>^ 

mmr^izmz. mm2 9{z^k)'> f3.<ii hi mm&L± 

©5=-3'> (Ti) . 7)VS.=:.^A (A 1 ) . ^y^7.7- 
> (W) . (B) > ->Un> (S i) «?cD^JIi7C 

^ !£:^tr;tf X ® jSSa <!: ft -f :t >*3 J; ^£ P.#fr -5 
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&««aiS^clT•^ii^■r (salt) A-Ha-5^>r> 
x«fiTft^fc«). s«03^;UiS'-, 

[0 0 8 6] S&±ia^Sfi09C:feV»T. m3R2 6CJ;»3 
1 * J;tXSiWij?;i/^- 2 Cft©A-f 7X«JE*HJin 

fS-:^. •i|JIS2 7{CJ;D'>?5:<ifeiaiS£A±«S^ 
i?^;tfxfeb<«^'fk*^;^©:)tf7.. feb<«^ 
JSlTC*. g{3!l5n^=tb<tt^^7c3ilS^tr^fX©»«a 

ii'f^>^mmr^:^7.^^>mi os7-x€i«atsfc 

ttlEtDA-f 7X«m$aiJ!n]bTS*^ 1 JC;*/X7ClgCDiE'f 
:i->4Rilt-r-5<!:*fCv «iK 2 9 t J; 0 ^J^/S < ife 1 a 
S«±©?-^> (Ti) . 7;U5-^7A (Al) . 
if7.7-y (W) . ta^^ (B) . ^>Un> (S i) ^® 
^MTCsg Sr^tJ';«/X ro^gSa <h ft -f :^ >:fe J; r/^^=^ * ^ 
W-r -5 X -r > as 6 7 - X * ttiE © A-r 7 X 
mH^EPiObTS** 1 fC^X7cltl©iE'r5i->*rai* bi& 

ifiib^mtroit. ^':4■>*«««B^cn■^ji^■r (sa 
bT) A- Hn— 5=--i' >^^JK*Je^-c^-5«ttt)■^^^ 

©Ct. *^;<?X-f :t>ilS6 ©mffi*t7-X«fi:^fc« 
ffiVVW7X«mt?»-5fc*. ;)tfX'f 6 ©mSH® 

[0 0 8 7] ^fc±ie*ifi0>llC^ViT, mai2 6(Ci;'3 
S« 1 *5<ttX««5f:;U:J'— 2 iCftWA-f TX^BE^Enin 

-rs-:6r. nU2i\z^^'>fs.<iL%\mmk^<n^n 
iiT.. SSIil:*/xt)b<«M'ft7K5!lj^©;tfX> feb<«^ 
*7c^. gS^7c*feb<tt^^7C^<£^tr;</x«»fga 
i-f :^->SaRlt-rS;tfX'r^>ai l O l ©SttJ: 
•5:^^;a:ft<0«tetc«^TS« 1 fc^STcJROft'f ^> 

t;yx<:t>ai*^6.^*-rs€i^s9g«T^t^^c. m 

212 9CJ;i3'>;S:<tf)ia^«i±(7)g^^'> (T i ) . 
7;U5nr:7A (Al) . 9yif7.7-> (W) . «5is 
(B) . •>Un> (Si) «?cD^JS7Clil5r#tr;^/X®«f 

7-xmta:S;5:«iE«A''r 7XmJESrEPiHlbT*« 1 »C 

:tfx7c3S©iE-f 3^>*ag«bJft^t5J«lKt- ntf, 

(ttAbT) A-H3-5^^> 
-5 ®«t)■5^^© ;:<»:. ft«^Sr-Cab-5;tf 
X -f :t > t iEmiS=-C * -5 X -f :r ><5 J; IX«^=^ S^Jg^ 
ffiK:9gl#-r -5 J: ^ ic bfc®T^«r««[^ ©S^KffiStfft b 

T^K*iff ^ C t # ^ . 

[0 0 8 8] ^75:±fSlliS0iIlC*5ViT. mil2 6lcJ:i3 
S*J 1 *5 2 iCftWA-'f 7X«flESBlJni 
r «JS2 7 1c: J; <<»:*> iaS£t±0^3!l 
;yx. SS3S;«fX*>b<«^ft*5ii?^(D;)!fX. t>b<«S 
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^&.iL(D^9> (T i ) . 7)V^z:.'0h. (A 1 ) . 5'> 

(W) . (B) . j^'jrj> (s i) ^® 

^STclg S#tr;tf ;^ ©fl?«a <t ft -f >:fe J: iJCS^^^fe 
St-r«;!jf:^'f 3^>ai 6 &»*r i O:*:#r;^fto« 

> t iE m -r S ^ X -f :^ > *5 .J: « ^ * « « ^ S tc 

[0 0 8 9] *fc±i2*ifiMtC*5ViT. S^l^JJctXS 

til:^mff«. 02 4tC*-rJ:5/5:ii:fiK«JE. 02 5 {c* 

8S«JE. *fc«0 2 6 fCS^T J:5;SX7^-yyt*©ft®« 
)I. Sfe«S2 7*5j;O:0 2 8 lC*-ri;-5 75:ftomJIdi 20 

^i^«®^cfr■^ii^T (axLT) *jii(ib{c<tvN-Kn 

[0 0 9 0] Sfc±tE*5fi«»IIC*5«,iT. 
«3t;;i/^-2JCA*'f 5'X«JESBllinT^«iIS2 6*»6)© 

aj^jfiiffitt. 02 9tc^^-rj;5/s:iE^&«®3SfSiEmag. 

03 0K:^t-±^/a:X7^'yr«©2gj«fi|jfii<i:Ufc®Tr. 30 

*t-c€r*. *jfc±sa*ifi0ii{c*v»T. ^sis!5«iiit>u< 

ti^M-f :t>ai9;feJ;tX;</:;^'f :t>ail 0 :fe J:C;6 tcyN* 
'r7X«JE<£EPJa-r-5«ai2 7*5j;yf2 9;5^?)®fcb:^m 

02 9»C*r.i:5i^iE^JK!t»t®3£ogmai. 03 0 40 

[0 0 9 1] |||I&0)J2 2. 03 1(i. C®f!Q^®llifi&0y 
2 2 tCJ;^A-Hzi-7^-c >ym®^«SSS:^-rSlilS 

2 ©©cub 2 o siii«$-e-TS«i:feJ:tx»«*;p 

^'-2^lHHE$1i--5, a« 1 OlDf!*#a 2 1 50 
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«±#*l»<'fe«e>f&ai|B'g2 2fC?&»*. ?&ai;it/X. «c 
*^«^&at L/T»** 1 &?&ait--5 d <!: fBJie-TJbS. 

:tJ7.-(^>mi 0S««$i*-5. ;)!/:^-f 3t->Jiii Ot? 
©i*, A'rT>^SBE*E|Jin-rs«ai2 7(c:J;»3. 

If 3*^e.«eft#a2 5Jcj;-pT«^e<)ciejssnTv»-5 
iix-f :t>m 1 oizj-^-f 7 xms-^fmrn-r^ii. 

CO 0 9 2] ^m^^ym^^wm-^-^. 'f-^y 

t). A'-f 7XSBESEPJp-rsmai2 9 CiO. *^«(3 
'f:t>JIi9»CA-f 7:^mjE««lilO-r*i. ^JR'f=i->* 

^'-asifi. ie»#©2 3Cj;Dsae<)c»»$nTv^ 

e.(C»Dj^ bTS^^ 1 {C^W-r^Cid^BJtgi:;^ 

^. z.(Jiii^<Dmmi\zm^'t^'^*ii7^^^> 
>m(Dmu0S(.^, m^it. T i *»e.T i i ^Nom 

A. T i tT i 2N©Jga*^6T i «N. T i 8N;!»»5T 
i .NtT i N®Jia. T i jNtT i NOSSji^ST i 

[0 0 9 3] «±ift^bfcJ;5lC. dW^^lwitl. -f 

tx. A;ui/i^a«i6}i;»35^^s-c«#&nifev»as*^ 
b<«a®«©A-Ha-7=-'< ^i^issjg^-rsjitt) 

f^ffl »c J; 0 jga«jfi^** <6}jafiic S g * rj > h a -;i.-r 

IBt^SO. C®fc*. »*^«ffiTttT i 'J<>^©®<i:f 
^ C <»: dt-T €r ^ © TS** <»: ® ^« :^ ^£ it! * ^ C t dt-C ^ 
So Src®S:!5»giV»T i jNiT i Njg^M^. T i C 
ii<r>m^mL-r^Z.iz-ifi-V^^(D-C. ii£3fe©T i NJ;0 
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[0 0 9 4] 3 1 lC*5ViTv nW. 2 6 ©A'f 

*fcH3 1 tc:*31.iT. mil2 6 «^)A*'f 77>IIJI?£:0. "T 
f3.t>t>m^i 1 i5J:tXS***:>»uy-2 S:7-:^€iffi»;«o 
T. «iIS2 7 tiO;!!/x-f^>aii OtcAwA-fTxm 

[0 0 9 5] ifcSS 1 C:feViT. mJg2 eW/t'TT;^ 

«ji*o. ■r?a:te-feS**i:feJ:r^»«*;i'^^-2S7- 

:^«fiC«oT. «S2 7CJ:0>tfX'r:r>ail OCiE 

^m^^^tmz. mm2 9\zxy)-&mmftm9%\y< so 

«^JIi-f :t >ag 9 fC^W/NW TXmJESrEnin bTS« 1 
C^IRtcSR ©ft 'f >*5 J: tX^S-f ^ >JS*^ e. «*t--5 

> t lEm^Srr * S X 'T :t > *3 i ai 
It S n ^ © -r^^rmiat^ w * tfiifo b T jsJcJK*<r ^ 

T, miI12 6 CJ:tlS«l:feJ:C/S«iJ^;uy-2 (eft© 

A-f 7xmEE«Enjo-r-s-:i?, «ai2 7 (cj;i3;yx'r:t 

>S1 0S7-X-r5*V SfcttiE©/^ 7X«iJESHl 40 
in b TS« 1 C 7C^ © IE -f ^ > S8l*-r ^ t »c. 
mM2 9tCiD^M^MaS9feb<«^M'r^>i[i9^ 
T-X-r-Sd^. *fcttiE©A-'f 7XmBE^£EPJ0bTS« 
1 t^«7Cltl©iE'f 3i->*a8Wbiftd*e.^|gf tl«. ^ 

>Jl©tHii*»7-X«€iSfc«l£^V"?'f rxmBETi-s 
(0 0 9 6] ^fcSS 1 C*3t/»T. «iS2 6 CJ;»3S« 50 
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1 ^i^XfmUt^)Vy- 2 tCft©A''f 7X«EE*01Jnf * 

«iS2 7»CJ:l3^fX'r:*->Jll 0*7-Xi--5 
*K *fc«iE©A-'r7X«JI&0]JnbTS*t 1 lc:flX7C 
3il©iE'f:t>Sag»t-r-5«b^^Jc. •1212 9tcJ;0ifeJli^ 
»M 9 t> b < :t >S 9 1 ©Stt J; D 

?4ft©mffiC»oTS« 1 ic^STclSroft-f :t>:feJ;tX 

«. 'l•^>sr«*^«s^cn•&ii^T (SEAbx) a-h 

-f :t > tft«?af-cab ^ ;^/x -r :^ >:fe 

ic3i#t-r;5i 5 ic bfe©-tr^Sf«Js^^^©«^SfS^'^'^^■r^ 

1 ^^xfm^t^)v^— 2 cftwA-r 7x«ffi*aiio-r-5 
-::tr. -SM 2 7 tcJ; •3;tfx-i':f >ai i o i ©mtt 
J; 0:^#73:ft©mfirtc«cTS« 1 tr;tfX7C^©ft'r:^ 
> *3 J; X -f ^ >ili*^ % ^ ti^ W-r -5 i: * 
\Z. mag2 9 »Cj;lp^JR^If6ai9*)b<«&Jli-f:t>ai! 
9S:7— X-r^*i. *fc«IE©A''r7XmEE«:EPl)nbT 
UC^M7C^©iE'r :t > <£ agit b/a:*t e. jSMTtl 

«. -r:^->ss*^^s^c^T■^ji^T (aAbx) a-k 

-f :t><!:ftm^SfT*^;</X'f :t >*5 d:afm^^|:S*^^® 

-5i-5 bfc©-e^«r«ia^©«?a'g<£4>ft-r.5 

[0 0 9 7] ^fcias 1 tC^ViX. «SB2 6 CiDS** 
1 *5J;tXS*?5jNJUy— 2 Cft©A-l'7XmBESEnilO-rs 
«i[S2 7lcil3;tfX'r:r>agl 0 4»**©«&i; 
0:*;#?ift©mfil:{::^oTS« 1 \z^7.Ttm<Dfi^^> 
*5±t^:</X'f e.fE±t- *€|^ S: SSiWf ^. 

JC. Sag2 9 {Cj;i3^S^^aS9 t)b<«^M'r:t>ai 
9^7-X-rS;5^ *fc«iE©A''r7XmjES:BllnibT 
Si» 1 C^Stc^ ©lE'f > S aaSt b & fiEKTn 
«. -f :^■>*«*^«®^c^^r■&ji^T (ffixbr) a-k 

-f > t ft -5 X -r :t >^ J; iXSi' Sr»««® 

csgit-r^) J: 5 c bfc©xi^««[^ ©s^«rfiS:4'?a■r 

[0 0 9 8] ^fcSSHCiJt^T. S« 1 

;i/y-2 (r/\*'f 7X«)ESE|iioTsmi!g2 6*ie.©ai^j 
«JE«. BI2 4fC*-rJ:5;S:iaSiE«m.. 02 SCS^f i; 
5 ?5:¥i6^cS$nfcft©>'N*-f 7xmjE^EPiO-rSii;8iEII 
JE. *fc«0 2 6 t'5^-rJ:-5?5:X7^-yy«©ft©mJI. 

2 7 m.Xj-m 2 8 (C^fi C> ?S:ft©«£E*iEPin 

m\znt>&/uX (^AbT) IM«bfC< VV\-Hzl-7^ 

>i^K=£ll3&T*^:t**T#s. *fc«iS©nxh(i 

T. S«l:fej;tXS*rif:;U^'-2 JCA'-f 7XIIJE«EPlin 
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w -r :t > *3 i s s«s ffi Silt -r ^ i 
•s. Sit. 'f:*->®iioax*;i'^-*:*:€f <-r-5C<i: 

[0 0 9 9] £;tBI3 1 (C^V^T. ^Mil!lfl2lit>b<» 10 
^JII'f::i->j|g9*5±r/^X'f ^>ail 0*5J:tX6 {CA'-r 
7;^mJI&Wj!ra-r^mi!i2 7*5j;l/2 9*^?,<Dai;'jmffi 
«. E3 2 9 (c:^-r<k5i^iE^jS1^t©3S85Sag. 0 3 0 

M b T IE fusf © -f ^ > t ft m^Sf « < :t > *5 J; y^m^ s 
(Ar) m<Dyfm^^7.. ^tcit^m^:^. zk^;!/ 

X^®'r:t>S;;tfXl':i->ai(Cj;l5^*^-B-. 5 0~1 
0 k e VgJEW'f :^->©lInJSx:?i;^=^^— <»: 1 0~ 1 0 0 20 
OmASaw-f :t>fi-CS*r^SC88«bT. S«?£lin 
S»r-5<t'5»c:t-tl«. S*r&i03R-rst:-^'-*t:^i?t 

[0 10 0] 

[fg?g®3a*] «±sttigbfct*o. c<Dftm<om^m 

««;6ie.A-H3-5^^ >i'm©^(ifC|Si;6^-3TS3SM 
^Kd^lE^bTST i Nx (0<x<l) -CftSOT. S^J 
SST«T i U -/5^®@t;5:oT*50. SifertODSlF* 30 

[0 10 1] ^.(D^mommm^zmit. a-kzi-5^ 

-Oi^ltStt. Ti. T i tT i jNtWiga. T I ,N. 
&tXT i zNtT i N,t«)Jga»^i>;a:< it) iS^-g-tf 
or, ^S^^iBS^^T i ^NiT i N?g'&)l75tJgfi£^fn. 
m^(DT i NJ:0®aiS:ii5<-r-5Cli:*t-c^ail,i^^ 

[0 10 2] :i(D^mom^mf^3mit, a-hzi-7=- 

W >yiK«. T i C^jgaSr-g-tfCD-r. t*e5t5<Z)T i N J; 

(0 10 3] co«gg«)Si5is«m4««. s«*b©t 

-5 i <r» 5 San •5 . 

[0 10 4] cof&m<Dm^mf^5mit. a-h3-5^ 

fi^^®S:ISltit©r. K^bRlS^lCiOiii^^^tb^t- 
U»T i iNtT i NS^JiS»«b. ®«^®ffin;6:iRr 

ttdJgjt-s-r s t v» 5 3a«**-r-5. 

[0 10 5] C©fg||©SI*JSS6JS«» A-H3-7^ 50 
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-Oi^mit, T i ®f^t)l3tCA 1 . W. Cr. Zr. B 

A 1 N*. WN^. CrN^. Z r NJ^. BN^Rt^S 
i J^J^O)^n-d^^fSi^(D-C. T i 

[0 10 6] cio%BJ©ii3R:^m7^a. s^^^atrn 
A-Hn-7^^ ^i^j^tJ. ±Ka«;i»6A-K3-7^^ 
(0<x<l) »««cST{ST i 'J 

[0 10 7] c®^?«©lt*JSm8J!i«. A-HrJ-5^ 
>yK«. T i . T i iT i CiiWjgffi, Jtr/T i C 
©'>;5:< tfc iaSr-&tr®-r. SSdtiiJViT i CiWil 
ftSd^ffi^fig^n. €E*cOT i NJ;t)ffi*S:i^<-r-5;ii: 

j5«-c tr s t -5 ja« * #-r « . 

[0 10 8] d©5gBJ<Ds«5)?3S^9JS«. S*^*®OT 

T i m(Dt^tbizmtmii(Dmmti^^^^izM<-t^^t. 
s t VI 5 jam s#-r 5 . 

[0 10 9] c©%§gwiS*^^i OJS«. A-firi- 
T^W" 1 Mm£tT©T i NJl*>^;fe^^ 

ffi««B*89:lt&©-e. WtitRf^mz^rjii^^itV^ 

fi^T i CtODJgftBS^SIb, SS^Offitlfc^ftt** 

SJt T -5 1 a Sin S S . 

[0 110] c(D%m<om^y^mi i««, m^toK^ 
xiti^m-t^m^m&mmmmt, ±mm^(Dmmmiz 

jttl«lbTbT^tt^n. ia««±®ifeM7C 

wbbTifsswtcsait-r-a i®«:^X'f:t>aitsriffl 
pLtcnx, mm\y\z<\^^;\-}^zi-^-< yifm^mmt 

[0 111] c:ci^^»if5ic^m 1 2JS«. m^ro^^ 

*t|6jbTbT^lte.n. '>i^< it) iaS£t±©^M7n 
n, *^M7C?g(DJl^;yxS:»gl3^«'f :t>'fl:bT±fB 

mmzm.mt^ii7.^-t>mii^m?Lt:inx. ^m-i^t 
nmz-=i>>hu~)v-r^z.iiifix^. j^sssTtt^sn 
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CO 1 1 23 zL(D§6m<om^mmi ama. s««-5-© 
(0 1133 ^inmmnm^mmi 4js«. »*t«iE-« 

(0 1143 cro%§gcD^*JRmi 5JS«. :»yt.-f^> 

(0 1153 :i<D^m<^mj!itmm 1 emtt. 
^1 ©yK^7X¥ia;tcJ;0«**S:7-;^m{fl:x«A©« 20 

f -5 C t # -5 t ^ S: S . 

[0 1 163 Cl®^e5l©i»*JBIgl 7JS«. ^2 ©AW 
7 :^ #g J: 0 ;tf >^ 'f >S « S** J; 0 fli v» mffl: 
tc/t-f TXf -SOT. ^tfX'T^txoJoax:?.;!/^-*:*: 
#<UT. J;i9SiJ!8lblc<l»A-Kz3-5^^ >i^JRS3S!l 30 

«f -5 c t t ^sams^-r -5. 

[0 1 1 73 C®|g58©SI*JSmi 8JS«. 

®«jEicA'r7:^f smi ©/N'-f 7:^#ia:*R»t. ci© 

^ 1 ©A-f 7;^?^gtC J; 0 ±feS«Sr7-xmti3t«ft 
©mfiitcA-f ^M-1':t>ai<&m^®«JUCA-l' 
7;^r*m2©A'f 7y^#g:*Rlt. Il©^2 ©A'r7 

<x«<a< A'r7x-r^oT. ^M'r:t>s.y:;!/X'r* 

(0 1183 c<Dmm(Dm^mmi 9jh«. ;tfx-i':t> 
jisrm;£rosffijcy\--f 77.-r-5m 3 ©A-r 7x^g;«K 

Itv c:©m3®A'f 7X#®fc:J;0±fB:«fX-r:t>ilS* 
S«©mfi:J:Oigi<X«<£<A*'f 7Xt--5«)T. 

(0 1193 c:®!^?goS*JS^2 o««. mi . ^2 
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fcA-f 7X^JESr8Iln]-r-5itlifEliaiTa5^©T, A'1'7 

[0 1 2 03 z.<j)?tmnmisimf^2 imt. »2xtxm 

7X«JESffli)D-r-5S® t UT1$C U «;/ yjU^dtfiViS 

(0 12 13 c:ofg5goSl5R«lg2 2JS«. ;«/X-f:t> 
aS-C^^Uifc'f 3r>*5 0~1 0 k e VgftW'f::t>© 
iDiix:?.;!'^— t 1 0~ 1 0 0 OmASaW'r:^>MT 

^) ctfci JniSi?£ff ^ 

[0 1 2 23 CW%?g®«*JSm2 3^«. K^Wf^T 

2I^F nfc^^JBTCjR 0;«/X 'f > t AT C n 

(0a*r£?£©II|-r-5©T. A- Hn— >ifM©iiflfi£^. 
ai^Wfc^fli^-e-^citd^-c^, $ < ^ ffl 4^ © 

s(i!i*te c 0 ic < v» t 5 s»« -5 . 

[B!®©fSm75:ift?g3 

(013 C©%Bj<D||JS0iJl CJ:^A-H3-7^-<> 

[0 2 3 c:®%ig©*Jfifi»li lcJ:0Sfl:5^^>Ig©x 

iS8 [Hi^ (c J; ^ ai:£iis^ ^ ^-r ^0 -c * S o 

[0 3 3 CO%§g©^ISfifiail CiD^lt^^rJ'^iKSES 
(1343 C ©«gg ©naSfiai 2 tcfcS A- Hn -7^ 

(H5 3 il©%§g©*iS0iJ3tcJ;SA-H3— r-<> 
^IK^S^-rfillff EST* 

(06 3 c©%ll©*J6fl«l4CJ;SA-H:3-5^-<> 

* *f fin »f ® 0-c * ^ o 

(0 7 3 C©%§a©*M0II5lcJ:SA-Hn-7^-<> 

(083 C©^?g©^M0!l6lcJ;*A-Fzi-xw > 
i^igS:*-r <il»fffi0T*-5o 
[09 3 Cl©%9g®SIIS0!l7CJ;^A— Ha-x-O 

(0103 z.(Dft^<r>-mWims\zii^/\-\izi-7-^ 

(0113 ci©fEg?®*lifi0iJ9lci^A- H3-5^^ 
> i^)K*^-rflI»r® 0T* 

[0123 z.<r>mm<r>^mmio\z2^^/\-Yzi-'r 
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[013] z.(Dmm<Dmmminz^^/\-}izi-7- 
mi 4] :i(Dmm<Dms&mi 2^z^^/\—\izl—T■ 
mi 5] Cl©^§a©IIJfi^J 1 3 1C±-5A- 

[016] c<D^m<Dmmmi 4tzii^/\-}izi-7' 

[017] Cl(D^?g®SII®fl9Il SldJl-SA-Hn-T- 
[018] C®%?l®||SSCfi|l 6{c:j;SA-H3-7^ 

[019] c<Dmm(Dmmmi 7\zJ:^/\~\iz3-T 

^ >'i'^«S*-rfl!lBfS0T**, 

[02 0] C0^ll®lllifi«sjl 8lcJ:SA-Hn— f 
>^^JK<£^t-fi!l«f®0-ca&2). 

[02 1] Cl©^§l®*ifi0lll 9JCJ;«A-Hzi— 5^ 
^ >'i^KQjKSr»B**-r«B»BrH0-r*S. 

[02 2] ;i©%gi®mfie^2 OCi-SA-Kn— 7^ 

[02 3] c:Of6?8©*l8W2 HcJ:«)A-Hzi-5^ 

[02 4] c<Df^m<D^mm 1 9^-2 2 iz^Ktwta-s 
n-sA'-r 7xiiji©&jg&^-riSS0Ta&-5. 
(02 5] coi^mommm 1 9-^2 2 K.^r>!^ta^ 
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n-5 A-f 7XmJI<OftJ&S55-riS0-rS.-5o 
[02 6] ::(Dmm<n^mmi 9->'2 2\zi:ri^ta^ 

[02 7] c:(D^9g©*ifE0ili 9~2 2lcJ:0EPJnS 
n-SA-f 7XmJEO&J^S:^-ri®0T»-5. 

[02 8] cnmmoimmmi 9'-'2 2izj:K>eiim^ 
n-5A*-< 7;^m)i®i6J^^^-riS0tr*-5, 
[02 9] z<Dmmo:>^Mmi 9-^2 2\z^r)Sfm-^ 

n-5A-f 7X«JEOffiJgS^-rill0-Ca&-5, 
10 [03 0] C(D^m<Dmi&m 1 9-^2 2 lZJiK>W1Sa^ 

n-5 A-r 7;^«jE<c»ifij^s^t-i6g0T*-5. 

[03 1] c:®SS?l«*iS«»l2 2 (c:J;-5A- Kn-x 
>5^JR©^lfSS&*-rStS&Wf®0T«^, 
[03 2] !ie*«)A-H3-5^-f >^'jK®l««»S* 
^i5-r«ffflS»fS0T*-5o 

[033] ^^<Dmmmm-^mm ^ nfc a- k a -t^ 

[«P^©K?B] 

1 s**. 2 3 x^if. 4 

20 ^. 5 em^m. ? m.m^m. s ^ 

n:^i'>m. 9 ^JS-<;i->3S. 10 ^X<:t>jS. 
11~14. 16. 17 Witm. 15 TftfeS. 18 

mm^ms, 2 0 imsM. 2 1 j)a^#ia:. 2 2 
lii&m^. 2 3. 2 5 mm^m. 2 4\Bi&mW]m. 2 

6. 2 7. 2 9 2 8 ;!jf;^»A». 
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